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Chapter 1 
General Introduction 

1.1 Structure and function of the human spermatozoon 
Human spermatozoa are formed from spermatogonia! stem cells in the seminiferous tubules of the testes 
during a process termed spermatogenesis After completion of mitosis and following meiotic reduction 
division, haploid cells termed secondary spermatocytes are formed These further mature into 
spermatids during a process termed spermiogenesis and finally into functionally complete spermatozoa, 
which are then released into the seminiferous tubule However, even though these spermatozoa are 
functionally complete, they are incapable of fertilizing oocytes (in vivo, at least) until having completed 
their transit through the epididymis where they undergo further maturational changes with respect to 
motility enhancement and plasma membrane organization (Meistnch et al, 1976) 
The human spermatozoon may be regarded morphologically as having two functional domains - the 
head and the tail The head, consisting of nuclear chromatin and the acrosomal vesicle, ranges from 5 
to 6 μηι in length and approximately 2 5 to 3 5 μιτι in diameter The acrosomal vesicle overlies between 
50 and 75 % of the nuclear matrix and terminates at a process referred to as the equatorial segment The 
head is attached to the tail by means of the connecting piece, otherwise termed the 'neck' of the 
spermatozoon The tail, or flagellum, is divided into three regions - the midpiece, which surrounds the 
flagellum for a length of between 4 and 5 μηι, contains mitochondria, which are vital for energy 
production, the principle piece, approximately 50 μηι long, and a terminal, or, endpiece, of variable 
length The whole of the flagellum, with the exception of the endpiece, consists of an axoneme 
containing a single pair of microtubules surrounded by nine pairs of tubules and dense fibers, the 
endpiece contains only the microtubules of the axoneme The whole of the spermatozoon is enveloped 
by a plasma membrane which remains continuous throughout the processes from differentiation through 
to preparation for fertilization, the only exception being during the acrosome reaction, where the 
plasma membrane overlying the acrosomal organelle, to the limit of the equatorial segment, fuses with 
the outer acrosomal membrane in order to release the acrosomal contents and expose the underlying 
inner acrosomal membrane, thereby enabling initiation of the process of gamete fusion 
1.2 Sperm capacitation in vivo and in vitro 
In order for a spermatozoa to be functionally capable of effecting fertilization (in vivo) it must possess 
the following characteristics (Wassarman 1987) 
(ι) It must be viable, 
(n) It must possess a motility apparatus and energy source capable of transporting it through the 
female reproductive tract (FRT) into the domain of the mature oocyte, 
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(ш) It must, during its transit through the FRT, undergo a process termed 'capacitation' in 
order to penetrate the oocyte investments; 
(iv) It must possess an intact acrosome at the time of juxtaposition to, and binding with, the 
zona pellucida of the mature oocyte; 
(v) It must possess the correct enzymes for dissolution of the zona pellucida and the oocyte 
investments. 
Deficiency in any of the above mentioned attributes will cause a primary failure of fertilization in vivo 
However, the situation m vitro is somewhat different, especially considering recent advances in the 
assisted reproductive technologies (ART) Primarily, the most basic ART intervention is intrauterine or 
intratubal insemination which circumvents the main physical barrier to sperm-oocyle interaction. More 
advanced techniques such as in vitro fertilization (IVF) aim to place the spermatozoa in a contained 
environment at optimal concentrations around the oocyte for effective fertilization. However, these two 
procedures do not circumvent the spermatozoa's necessity to undergo a normal capacitation process and 
complete zona binding and the acrosome reaction 
Studies of the process of capacitation have been limited to in vitro observations due to the fact that 
interaction of spermatozoa with the FRT are difficult to duplicate. Further, most definitive work on 
capacitation has been performed most thoroughly in laboratory animals such as the mouse, hamster, and 
rabbit, where the attainment of capacitation is associated with marked alterations and refinement of 
hyperactivated motility patterns. Also, the molecular basis of human sperm capacitation remains 
obscure, but again, animal models have been used to demonstrate metabolic changes and alterations in 
sperm surface proteins (Koehler et al, 1981) Studies of hamster spermatozoa demonstrate that the 
sequence of events leading to in vitro capacitation commence with a rise in intracellular calcium, which 
in turn results in a rise in adenylate cyclase activity. The resulting increase in intracellular cAMP is 
then associated with the initiation of hyperactivated motility and the attainment of capacitation. In 
human spermatozoa however, these observations are difficult to test, due to the fact that hyperactivation 
and capacitation (and, subsequently the acrosome reaction) are only observable in approximately 10-
15% of the sperm population incubated in vitro Thus, the size of the capacitating sperm population is 
small and attainment of the capacitated state within this subpopulation is extremely variable (Aitken 
1990). Recently, Singer et al (1985) and Cross and Overstreet (1987) reported that lectin-mediated 
agglutinating ability of human spermatozoa was increased during in vitro capacitation, and that the 
binding patterns of various lectins altered in binding affinity as capacitation progressed Increased 
membrane fluidity has also been reported, due to the removal of sterols and the transformation of 
steroid receptor sites (Revelli et al, 1994) thereby implicating a role for follicular fluid in the process of 
capacitation in vivo. 
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1.3 The role of the acrosome in fertilization 
1.3.1 Functional Anatomy 
The human sperm acrosome develops from the golgi apparatus during early spermatid differentiation in 
the basal compartment of the testis (Zamboni 1987) The acrosome is more correctly regarded as an 
organelle or 'cap' rather than a membrane per se The acrosomal cap covers the anterior 50-75% of the 
sperm nucleus and is attached to the nuclear membrane at a process termed the equatorial segment In 
the human, the acrosome reaction consists of several clearly defined steps as shown below (figure 1) 
Briefly, the steps involve swelling of the acrosomal matrix, fusion of the plasma membrane with the 
outer acrosomal membrane with subsequent vesiculation, release of the formed vesicles and exposure of 
the inner acrosomal membrane (Nagae et al, 1986, Barros et al, 1967) It is worth noting that the 
equatorial segment does not take part in the reaction, and thai contact of the spermatozoa with the 
oolemma is commenced at the equatorial segment (figure 2) thereby implicating a role for specific 
fusion proteins between this region and the oolemma (Yanagimachi 1988) 
1.3.2 Acrosomal Defects Affecting Fertilization 
The most severe acrosomal defect causing infertility is generally referred to as globozoospermia or 
CAA (complete acrosomal agenesis) The condition was first described more than 20 years ago 
(Schirren et al, 1971, Holstein et al, 1973) and consists of spermatozoa possessing a rounded head with 
complete absence of the acrosomal organelle ι e the sperm nucleus is constrained only by the plasma 
membrane Due to the nature of the defect, these spermatozoa are unable to bind to and penetrate the 
zona pellucida, even though sperm concentration and motility parameters may be within normal limits 
(WHO, 1993) Further, they are unable to bind and fuse with the oolemma, thereby resulting in total 
failure of fertilization during IVF and SUZI procedures (Aitken et al, 1990, Dale et al, 1994, Syms et 
al, 1984, Von Bernhadi et al, 1990, Weissenberg et al, 1983) Interestingly, early studies with hamster 
ova indicated that even though such spermatozoa were incapable of normal fusion in routine testing, 
they were capable of normal decondensation and pronuclear development if inserted directly (using the 
ICSI technique) into the oocytes (Lanzendorf et al, 1988) This would indicate that the nuclear status of 
the spermatozoa may be relatively normal if the binding events are bypassed effectively Thus, with the 
advent of intracytoplasmic sperm injection (ICSI) in humans it is now possible for many centres to offer 
treatment to patients exhibiting this previously untreatable condition (Palermo et al, 1992, Van 
Steirteghem et al, 1993) It is worth noting that embryo development does not appear to be dependent 
upon the presence of acrosomal membranes - a study by Bourne et al, 1995, demonstrated that embryos 
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Figure 1 Acrosome Reaction of Human Spermatozoa 
A: Front view of sperm head and midpiece В: Side view of sperm head and midpiece 
C: Commencement of the acrosome reaction showing fusion and vesiculation of the plasma membrane and the 
outer acrosomal membrane with release of acrosomal contents. 
D: Completion of the acrosome reaction to reveal the inner acrosomal membrane 
1 = plasma membrane 2 = acrosomal organelle 3 = post-acrosomal membrane 
4 = nuclear envelope 5 = annulus posterior 6 = redundant nuclear envelope with nuclear pores 
7 = mitochondria 8 = outer acrosomal membrane 9 = inner acrosomal membrane 
10 = acrosomal matrix 11 = nucleus 12 = basal plate 13 = axoneme 
14 = vesicle (derived from the outer acrosomal membrane and the plasma membrane) 
15 = acrosomal contents 16 = equatorial segment 17 = exposed inner acrosomal membrane 
(Adapted from Arts, 1994) 
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Figure 2 Sperm-Oolemma Interaction 
A and В: Sperm attachment and fusion commences with binding of the equatorial segment of the acrosome reacted 
spermatozoa to the microvilli present on the oolemma. This event usually triggers oocyte activation and formation 
of the female pronucleus. 
С and D: Removal of the nuclear envelope and commencement of incorporation of the sperm into the ooplasm. 
Following step D, the sperm nucleus can begin to expand and decondense to form a male pronucleus. 
(Adapted from Wetzels, 1995) 
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produced by acrosomeless spermatozoa were not significantly different, morphologically, than those 
obtained by conventional IVF or conventional ICSI techniques, however, fertilization rates do appear to 
be lower than with routine ICSI ι e 30-35% rather than 50-75% (Bourne et al, 1995, Liu et al, 1995) 
The first reported cases of pregnancy following ICSI with acrosomeless spermatozoa were achieved by 
Lundin el al, 1994, and Liu et al, 1995 This would indicate that the use of sperm microinjection for 
patients suffering from acrosomal agenesis has now become a viable option in combating a syndrome 
previously regarded as irreconcilable with fertility However, the outcome of these pregnancies and 
genetic screening of the offspring remains unclear One needs to ensure that the long-term 
consequences of the therapy do not result in reproductive defects in the children born (Bonduelle et al, 
1994), even the first children born from the first IVF pregnancies have not yet reached childbeanng 
age, and a possible increase in the rate of subfertility amongst children born from both IVF and ICSI 
procedures may be of future concern (Meschede et al, 1995) 
1.4 Detection of the Acrosome Reaction In vitro 
1.4.1 Historical Perspective of Assay Techniques 
The mammalian sperm acrosome reaction was primarily observed by Austin and Bishop in 1958 
However, the human sperm acrosome, unlike those of other mammalian species, are difficult to 
visualize microscopically due to the relatively poor definition and small size of the organelle Electron 
microscopy provides perhaps the most accurate visualization, but, as discussed in a later chapter, is too 
technically cumbersome for routine diagnostic use Bryan and Akruk (1977) devised an acrosomal stain 
for use with rabbit spermatozoa, which they later modified for use with human spermatozoa In 1981, 
Talbot and Chacon developed the 'triple stain' technique involving three individual stains specific for 
sperm membranes, but the technique, although simple can be difficult to reproduce and the reagents 
notoriously unstable Later techniques exploited the ability of lectins to bind to sperm membranes -
indeed, each individual lectin has an affinity for a particular type or group of saccharide moieties 
present on mammalian cells, including sperm cells By way of definition, lectins are proteins or 
glycoproteins which are capable of agglutinating and/or precipitating complex carbohydrates They may 
be derived from a variety of sources ι e seeds, roots, bark, fungi, bacteria, seaweed, molluscs, fish 
ova, invertebrate and lower vertebrate body fluids, and mammalian cell membranes In this way, 
utilizing fluorescent lectin-conjugates enables the identification of specific sperm membrane binding 
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(Kallajoki et al, 1985). There are several lectins of choice for use in these assays, including Pisum 
sativum (PSA), Lens culinans (LCA), Arachis hypogaea (PNA), Canavalia ensiformis (ConA), Ricinus 
communis (RCA), and Triucum vulgaris (WGA), but there is no international consensus regarding 
technical details of the assay techniques, thereby limiting the applications of the assays to within a 
specific laboratory rather than allowing for interlaboratory comparisons and standardization. 
Perhaps the most advanced technique available today is flow cytometry (see below). This technique, 
when coupled with supravital staining and the use of monoclonal antibodies to define the acrosome 
reaction, gives simple and objective analysis of large numbers of spermatozoa (Tao et al, 1993a, 
1993b; D'Cruz and Haas, 1992; Carver-Ward et al, 1994) The only drawback of the flow cytometric 
assay system as compared to fluorescent microscopic techniques would be that there is no 
discrimination between the different stages of the acrosome reaction. However, for prediction of 
fertilization based upon acrosome reaction scoring systems, it would not appear to be an issue (Carver-
Ward et al, 1996, in press). 
1.4.2 Electron Microscopy 
As stated above, the human sperm acrosome cannot easily be identified using conventional microscopic 
techniques, even when utilizing various stain techniques or fluorescence microscopy (Morales and 
Cross, 1989; Talbot and Chacon, 1981, Bryan and Akruk, 1977; Liu and Baker, 1988; Holden and 
Trounson, 1991). Various studies have examined the use of scanning and transmission electron 
microscopy for the study of the human acrosome reaction and demonstrate that highly definitive data is 
obtainable by use of these techniques; however, as stated previously, the techniques are not suitable for 
routine diagnostic use due primarily to the lengthy tum around time for specimen processing (Roomans 
and Afzelius, 1975; Nagae et al, 1986; Zamboni, 1987). However, for long-term study purposes, 
electron microscopic analysis gives detailed information not only regarding the status of the acrosomal 
membranes, but also of the state of nuclear maturity, flagellar competence, along with the definitive 
diagnosis of axonemal defects such as occur in Kartageners syndrome (immotile cilia syndrome). 
1.4.3 Flow Cytometry 
The technique of flow cytometry is more properly referred to as fluorescent-activated cell sorting The 
principle of the technique is based upon the detection of fluorescent markers attached to cells, mainly in 
the assessment of cell viability and various structural or functional characteristics of cell populations 
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(Arndt-Jovin and Jovin, 1977) Flow cytometry was has been applied to sperm cells for the study of 
DNA, acrosomal integrity, and mitochondrial function utilizing various fluorescent dyes (Garner et al, 
1986; Graham et al, 1990, Purvis et al, 1990; Tao et al, 1993; Uhler et al, 1993). The technique is 
simple and rapid, allowing assessment of a large number (i.e. > 1000-œ) 
of cells to be objectively analyzed and sorted according to fluorescence intensity. Further, the 
concomitant use of fluorescent supravital stains allows simultaneous analysis of both cell viability and 
antibody expression; thus, in the case of spermatozoa, both DNA integrity and acrosomal status may be 
evaluated Thus, in reference to sperm cells, one may easily identify four distinct subpopulations of 
spermatozoa - dead, acrosome intact; dead, acrosome reacted, live, acrosome intact; live, acrosome 
reacted Further, coupled with techniques used for artificially inducing the acrosome reaction in vitro, 
one may, by simple subtraction, identify a given population of spermatozoa with respect to acrosome 
reactivity and thereby derive clinically related parameters for the assessment and definition of a male 
fertility index. 
1.4.4 CD46/Membrane Cofactor Protein 
CD46, also known as Membrane Cofactor Protein/TLX Antigen/HuLy-m5, is a C3b/C4b-binding cell 
surface glycoprotein acting as an inhibitor of complement activation on cells (Liszewski et al, 1991) 
CD46 is one of six proteins of the RCA (regulators of complement activation) gene cluster which 
inhibit activation of complement through interaction with fragments of C3 and/or C4. CD46 is present 
on a wide range of membranes i.e. all peripheral blood cells (with the exception of erythrocytes), 
epithelial, endothelial and fibroblast cells, trophoblastic tissue, and spermatozoa 
Fenichel et al, 1989, identified that a monoclonal antibody (GB24) to CD46 bound to spermatozoa in 
the region of the equatorial segment and the inner acrosomal membrane, and only if the spermatozoa 
had undergone the acrosome reaction. A possible role for the presence of CD46 on the inner acrosomal 
membrane of human spermatozoa was presented by Anderson et al, 1993. 
Figure 3 illustrates their hypothesis of complement-binding proteins in gamete interaction. Briefly, the 
function of CD46 on human sperm inner acrosomal membranes is to protect the spermatozoa from 
complement-mediated lysis. Further, antibodies binding to CD46 inhibit sperm penetration of hamster 
ova in the zona-free hamster oocyte penetration assay. Thus, it would appear that there is a role for 
CD46 in gamete interaction, based on the hypothesis that C3b binds to both a C3 receptor on the 
oolemma and to a C3b binding protein (i.e. CD46) on the equatorial segment of an acrosome reacted 
spermatozoa (Cervoni et al, 1992) In chapter 4 we confirm, by scanning and transmission electron 
microscopy, that CD46 is present only on the regions specified above, and interestingly, that the 
greatest concentration of the CD46 sites appears to be at the region of the equatorial segment - this 
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would support the hypothesis that sperm binding to the oolemma takes place initially at the region of the 
equatorial segment. 
Due to the specificity of expression of CD46 only on acrosome reacted spermatozoa, it is possible to 
take advantage of this fact in order to develop a method by which acrosome reacted spermatozoa may 
be easily identified. Assays to evaluate the acrosome reaction in vitro have been discussed earlier, and 
have been seen to be limited in their applications for routine use, with the exception of flow cytometry. 
The use of a monoclonal antibody to CD46 (Fenichel et al 1989, D'Cruz and Haas, 1992) in 
conjunction with a supravital staining technique (Carver-Ward et al, 1994) yields a highly specific, 
sensitive and reproducible system for systematically screening spermatozoa for acrosomal loss. 
However, the precise role of CD46 in gamete fusion remains to be elucidated. 
Figure 3 Gamete Membrane Interactions 
MCP = membrane cofactór protein/CD46 
CR = complement receptor 
a: C3b/iC3b acting as a binding ligand between sperm MCP and the oocyte CR 
b: СЗЬ/СЗЬі covalently attached to the oocyte acting as a ligand for sperm MCP 
с: СЗЬ/СЗЫ covalendy attached to spermatozoa acting as a ligand for oocyte CR 
d and e: Excess C3b/C3bi saturating all MCP/CR sites and thereby inhibiting binding 
(Adapted from Andersen et al, 1993) 
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1.5 Induction of the Acrosome Reaction In vivo and In vitro 
1.5.1 Physiological Inducers 
As stated above, capacnation is the process by which spermatozoa are primed to undergo the acrosome 
reaction, in fact, the acrosome reaction is the terminal, irreversible event of capacitation. Both a normal 
capacitation process and a normal acrosome reaction are necessary in order that fertilization may be 
accomplished, both in vivo and m vitro (Fraser and Ahuja, 1988, Stock et al, 1989). However, the 
precise location of the acrosome reaction event is still uncertain, but there is much evidence that the 
fluid m the female reproductive tract and the oocyte vestments can induce the acrosome reaction 
(Meizel 1985), later observations by Wassarman (1987, 1988) lead us to conclude that, in human 
gamete interaction at least, spermatozoa only undergo the acrosome reaction after binding to the zona 
pellucida 
There is much evidence implicating reproductive tract components in initiation of the acrosome reaction 
in the human ι e follicular fluid, peritoneal fluid, progesterone, estradiol-17ß, cumulus cells, zonae 
pellucidae - but all of this data is derived from studies in vitro (Stock et al, 1989, Blackmore et al, 
1990, Calvo et al, 1989, 1993; Chan et al, 1983, Gearon et al, 1994, Morales et al, 1992; Mortimer 
and Camenzind, 1989, Revelh et al, 1992; Saaranen et al, 1993, Siegel et al, 1990, Stock et al, 1989, 
Suarez et al, 1986; Tesank et al, 1985, Uhler et al, 1992, Yudin et al, 1988, Zhu et al, 1994) 
Further, it would seem counterproductive for an actual acrosome reaction inducer to be present in the 
vicinity of the mature oocyte, due to the fact that recent evidence shows that the acrosome reaction does 
not take place until the spermatozoon binds to the zona pellucida and therefore, the 'inducers' per se are 
more likely to be priming agents for the initiation of the acrosome reaction rather than its completion 
before reaching the goal (Wassarman, 1987a) 
1.5.2 Pharmacological Inducers 
Artificial induction of the acrosome reaction would be a useful event for those cases of infertility due to 
failure of the acrosomal response after exposure to normal physiological inducing or 'priming' agents 
This would be especially important with respect to increasing fertilization rates in the more advanced 
reproductive techniques such as PZD (partial zona dissection) and SUZI (subzonal sperm injection), 
where the zona binding step is bypassed (Gearon et al, 1994) 
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Sperm capacitation appears to be linked with a progressive increase in intracellular calcium which leads 
primarily to hyperactivated motility and terminates in the acrosome reaction. The most potent inducers 
are the family of divalent cation lonophores, such as A23187 or ïonomycin. By use of these agents, the 
process of capacitation may be bypassed as these agents directly induce an increase in cytoplasmic 
calcium. Incubation with an lonophore causes a progressive elevation of intracellular calcium 
culminating m the acrosome reaction (Aitken et al 1984) This induced acrosome reaction however, 
does not take place in the entire sperm population; the actual response varies from approximately a 2% 
to a 50% increase from basal levels (Carver-Ward et al, 1996), thereby implying that only a proportion 
of the available population are capable of initiating normal fertilization It should be noted that the 
response to the lonophores, with respect to membrane fusion and completion of the acrosome reaction, 
is physiologically identical to that occurring spontaneously i.e. the process, although bypassing 
capacitation, follows the same pathway (Russell et al, 1979) However, this does not imply that the use 
of the ionophores is recommended in the advanced reproductive techniques due to the intrinsic nature of 
the compound and the possibility of carry-over into the oocyte causing rapid membrane depolarization 
and therefore possible deleterious effects on normal fertilization events. Only one report has dealt with 
the use of A23187 in an ICSI situation (Tesarik and Sousa, 1995) and this studied the effects of 
preincubation of oocytes rather than spermatozoa in A23187 in order to effect oocyte activation 
Further, observation was only made of fertilization of donated oocytes which did not undergo embryo 
transfer Thus, the embryological and genetic effects of A23187 and other ionophores have yet to be 
elucidated. 
Other pharmacological compounds have also been named as acrosome reaction inducers i e. 
pentoxifylline and 2-deoxyadenosine, but conflicting reports exist regarding their actual potentiating or 
inducing effects (Carver-Ward et al, 1994; Yovich et al, 1990; Tournaye et al, 1994) in an in vitro 
situation. However, again, one must be aware of possible detrimental effects upon oocytes as examined 
in the case of the ionophores 
More recent work has focussed upon the use of N-acetylglucosamine-neoglycoprotein (GlcNAc) as an 
alternative to the ionophores (Brandelli et al, 1995) which gives a similar acrosomal loss. This 
substance may mimic the action of the zona pellucida with respect to induction of the acrosome 
reaction, i.e. the induction of the reaction by GlcNAc appears to be calcium-dependent and capacitation 
dependent. However, at the time of writing, this substance has not been completely assessed as to its 
use as a predictor of fertilization, nor its possible toxic, or even teratogenic effects upon oocytes. 
Further, even though the application of the assay in defining prediction of fertilization in IVF cycles 
was encouraging, it demonstrated high false positive and false negative rates (9% and 22% 
respectively). However, the number of patients included in the study was quite small. Further, the 
study was performed utilizing a fluorescent slide assay technique and also did not take into account the 
live/dead populations of spermatozoa However, this substance may prove to be a viable alternative to 
more pharmacologically active compounds. 
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1.6 Scope Of The Thesis 
The primary aim of the thesis is to define and develop a sensitive, quantitative, objective assay system 
for detection of the human sperm acrosome reaction in vitro and to utilize this assay as a screening tool 
for patients undergoing IVF treatment, especially important in cases of unexplained infertility of long 
standing. Very often, failure of fertilization during an IVF cycle may be (erroneously) attributed to 
laboratory factors, especially in centres where maternal serum is used to supplement culture media. 
However, by using a standard, defined media, this explanation can no longer be acceptable, especially 
in cases where the conventional semen analyses, morphological profile, antibody screening, post-coital 
testing, etc. fall into the so-called 'normal' limits (WHO, 1993). Further, repeated failure to attain 
pregnancy during cycles of intrauterine insemination, where unexplained factors are suspected, may 
also be a target for the assay system 
Thus, the secondary aim of the thesis is to utilize the assay protocol to attempt to predict failure or 
success of fertilization during routine IVF procedures; this would eliminate the need for patients to 
undergo a preliminary IVF cycle - a poor prognosis as diagnosed by the assay would indicate admission 
of the patient directly into available micromanipulation programs, preferably intracytoplasmic sperm 
injection. 
The final aim of the thesis is to utilize the assay to screen a variety of potential acrosome reaction 
inducers in order to objectively assess products of the female reproductive tract and their possible role 
in the physiological acrosome reaction. 
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Chapter 2 
Detection and Quantitation of the Acrosome Reaction 
by Flow Cytometry 

2.1 Establishment of an assay for the detection and quantitation of the human sperm 
acrosome reaction 
Adapted from 
Pentoxifylline potentiates ìonophore (A23187) mediated acrosome reaction in human 
spermatozoa flow cytometric analysis using CD46 antibody 
J A Carver-Ward, К A Jaroudi, M Einspenner, R S Parhar, S Τ Al-Sedairy and 
К V Sheth 
Human Reproduction 1994, 9 71-76 
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Abstract 
The study was designed to establish a sensitive and objective assay system for detection of the human 
sperm acrosome reaction The principle of the assay was based upon the premise that CD46 antibody 
binds to the CD46 antigenic determinant present on the inner acrosomal membrane of acrosome reacted 
spermatozoa This event may be amplified by the binding of a fluorescently labelled marker (in this 
case, FITC-goat anti-mouse Ig) to the CD46 antibody and the detection of the fluorescence by flow 
cytometry Further, the assay system allows the addition of a second fluorescent label (1 e ethidium 
bromide) in order to predetermine and isolate spermatozoa which are non-viable, thereby excluding 
those spermatozoa which express a false acrosome reaction due to increased membrane permeability 
The assay was used to differentiate between spermatozoa undergoing a spontaneous acrosome reaction 
and induction of the acrosome reaction after treatment with a calcium ìonophore (A23187) Results 
demonstrate that the assay is able to differentiate between the spontaneous and induced acrosome 
reactions and that the system may be useful when applied to IVF patients, thereby giving a sensitive and 
reproducible assay for routine andrology applications 
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Introduction 
The ability of human spermatozoa to interact with a mature oocyte is a complex and poorly understood 
phenomenon (Wassarman, 1987a) For many years, interest has been focussed upon the motility 
parameters and morphological features of the spermatozoon which concern is fertility potential (Kruger 
et al, 1986, 1988; Zamboni, 1987; Chan et al, 1989; Liu and Baker, 1992) However, recent reviews 
(Wassarman, 1987b; Tesarik, 1992) suggest that a more detailed examination of the sperm-oocyte 
interaction is necessary in order to define the precise mechanisms of the nature of fertilization and the 
production of viable embryos. Thus, any given spermatozoon may have the required motility 
characteristics and be capable of attaining the capacitation state required to traverse the oocyte 
vestments, but if it is finally unable to bind to the zona pellucida and complete the acrosome reaction, 
then its journey has been in vain. It would be advantageous to be able to identify subgroups in 
spermatozoal populations that cannot undergo the acrosome reaction. It is known from various studies 
(Cross et al, 1986; De Jonge et al, 1989; Takahashi et al, 1992) that only 15-45% of normal moule 
spermatozoa used in in-vitro fertilization (IVF) procedures are capable of undergoing the acrosome 
reaction in vitro. Further studies examining sperm-zona binding (Sahng et al, 1979; Sathananthan and 
Chen, 1986; Vandevoort et al, 1992; Zuccotti et al, 1992) and the acrosome reaction after exposure to 
solubilized zonae pellucidae (Windt et al, 1992) only serve to confirm the observations. Thus, the 
ability to predict the probability of a given spermatozoon to be able to complete the fertilization process 
would add to our diagnostic methods and assist in the recategorization of previously unexplained causes 
of fertility failure. 
The acrosome reaction of human spermatozoa, unlike that of other mammals, is difficult to observe 
using conventional microscopic techniques (Morales and Cross, 1989). The ideal method for a true 
appraisal is electron microscopy (Saling et al, 1979, Stock and Fraser, 1987; Zamboni, 1987) but this 
is too time consuming, complex, and costly for routine diagnostic use. Light microscopy, when coupled 
with various staining techniques i.e. the triple stain of Talbot and Chacon (1981), and Bryan's stain 
(Bryan and Akruk, 1977), or fluorescence microscopy using FITC-conjugated lectins, enables the 
acrosome reaction to be quantified (Liu et al, 1988; Granen et al, 1990; Cummins et al, 1991; Holden 
and Trounson, 1991). These procedures are subjective and labour intensive, displaying the necessity for 
a rapid, objective assay for routine laboratory use. Flow cytometry is used to examine the mammalian 
acrosome reaction (Rasanen et al, 1992) and has been combine with standard FITC-conjugated lectin 
assays for the human acrosome reaction (Purvis et al, 1990). CD46 antibody, also known as membrane 
cofactor protein (Ballard et al, 1987, 1988; Liszewski et al, 1991) binds to an antigenic determinant 
expressed on the inner acrosomal membrane of the spermatozoon after completion of the acrosome 
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reaction (D'Cruz and Haas, 1992) and the use of CD46 antibody combined with flow cytometry may 
provide a rapid assay for the routine assessment of the acrosome reaction (D'Cruz and Haas, 1992) 
In the study described here we demonstrate that the acrosome reaction of human spermatozoa may be 
detected by flow cytometric analysis of CD46 antibody binding to the inner acrosomal membrane of 
human spermatozoa, and that this binding (or, expression of the CD46 antigenic determinant) only 
takes place after completion of the acrosome reaction Further, the design of the assay allows for 
concomitant analysis and isolation of dead and dying spermatozoa, which otherwise would compromise 
the sensitivity of the assay 
Materials and Methods 
Reagents and Stock Solutions 
Calcium ïonophore (A23187) was obtained from Sigma Chemical Co , St Louis, MO, USA. A stock 
solution of 5 mM in dimethylsulphoxide (DMSO, Sigma) was stored at -40°C m 0 2 ml ahquots A 
working stock solution was obtained by diluting 1 10 (v/v) in unsupplemented human tubal fluid media 
(HTF, Qumn et al, 1985) and equilibrated at 37°C in 5% CO2 in air for 3 hours prior to use, 10 μΐ was 
added to each 500 μΐ of prepared spermatozoal suspension, to give a final concentration of 10 μΜ 
(Cummins et al, 1991) 
Percoli (Sigma) gradients were made using a protocol adapted from Dravland and Mortimer (1985) 
using HTF-BSA as the diluent (BSA bovine serum albumin fraction V, low endotoxin, Irvine 
Scientific, Santa Ana, CA, USA) Gradients of 95% and 47 5% were made and equilibrated at 37°C in 
5% CO2 in air for a minimum of 2 hours prior to use 
Anti-human CD46 monoclonal antibody (AMAC Ine , Westbrook, ME, USA) was made up as a stock 
solution of 10 μ§/πι1 in PBS (phosphate buffered saline, Sigma) A stock solution of fluorescein-
conjugated goat anti-mouse Ig (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) of 
50 μg/ml, and a stock solution of ethidium bromide (Sigma), also of 50 μβ/ΓηΙ were both made up in 
PBS 
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Spermatozoa Preparation 
Semen specimens (N = 20) were obtained from the andrology section of the IVF clinic. All specimens 
were obtained by masturbation into sterile containers after 72 hours of sexual abstinence All specimens 
were processed within 1 hour of collection and after liquefaction at room temperature for 30 minutes. 
Semen analysis was carried out using the Makler chamber (Sefi Medical Instruments, Haifa, Israel). 
Specimens exhibiting < 5 million motile spermatozoa per ml were excluded from the study. After 
semen analysis, each specimen was treated by Percoli density gradient centrifugation according to the 
method of Dravland and Mortimer (1985). Briefly, 0.5 ml of the 95% and 47.5% solutions of Percoli 
were gently layered, respectively, into a sterile 15 ml centrifuge tube; 0.3-0.5 ml semen was gently 
layered on top of the gradient and the whole centnfuged at 350 g for 20 minutes at room temperature 
The Percoli layers were aspirated and the remaining sperm pellets pooled and resuspended to a volume 
of 6.0 ml with HTF-BSA. This was centrifuged at 300 g for 10 minutes at room temperature, the 
supernatant was discarded and the final pellet resuspended up to a final concentration of 50-60 million 
motile spermatozoa per ml in HTF-BSA. The suspensions were incubated for 4 hours prior to further 
processing. A final aliquot of 1.0 ml was taken from each preparation for acrosome reaction testing. 
Induction of the Acrosome Reaction with lonophore (A23187) 
Each prepared sperm suspension was split into two 0.5 ml aliquots, labelled A and В The aliquot 
labelled A received 10 μΙ HTF-BSA, the aliquot labelled В received 10 μΐ A23187 working stock, 
giving a final concentration of 10 μΜ A23187 Tubes were loosely capped and incubated at 37°C in 5% 
CO2 in air for 45 minutes. After incubation, volumes were made up to 6.0 ml with HTF-BSA and 
centrifuged at 300 g for 10 minutes. The supe matants were discarded and the pellets made up to 0.5 ml 
with HTF-BSA and transported to the flow cytometry laboratory for further processing. 
Procedural Notes 
Initial experimentation, prior to setting up the assay, defined the experimental parameters for the system 
outlined above. For example, the dilution of A23187 and the incubation time of 45 minutes was derived 
by testing series of specimens at different incubation times and concentrations. The definitive assay 
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gave the most reproducible acrosomal induction with the least sperm damage ι e least loss of motility, 
and is in agreement with the methodology of Cummins et al, 1991 
Further, initial experiments were carried out using control tubes containing the diluent, DMSO, at the 
concentration added with the A23187 The final concentration was calculated to be less than 0 5% and 
demonstrated no effect on spermatozoa viability, motility, morphology, or the acrosome reaction, as 
compared to untreated (culture media only) controls, after testing on 150 routine semen specimens 
(Carver-Ward et al, unpublished observations) 
Flow Cytometry 
The sperm suspensions were made up to 2 0 ml with PBS and centnfuged at 500 g for 5 minutes The 
pellets were resuspended in 20 μΐ of reconstituted anti-human CD46 monoclonal antibody to give a final 
concentration of 10 μg/m], and mixed by light vortexing Tubes were incubated at room temperature 
for 30 minutes followed by centrifugaron with 2 0 ml of PBS The supematants were discarded and 4 μ 
1 of FITC-conjugated goat anti-mouse Ig was added to each pellet and mixed by light vortexing 
Suspensions were incubated for 30 minutes at room temperature in the dark, followed by two washes in 
PBS (as above) The final pellets were resuspended in 1 0 ml of PBS and then analyzed on the 
FACScan flow cytometer (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) 
Immediately before analysis, 20 μΐ ethidium bromide at a concentration of 50 μg/ml was added to give 
a final concentration of 1 μg/ml 
Data were collected in list mode on 5000 cells using the FACScan Research Software and stored on 
disk for subsequent analysis The parameters for collection were forward scatter, side scatter, green 
fluorescence, and red fluorescence Data were later analyzed using the same software A gate was set 
to exclude cells that fluoresced red (ethidium bromide positive) - these cells had permitted influx of the 
label and were concluded to be dead After setting the 'live' gate, the number of cells, above 
background, that fluoresced green (CD46 positive) were counted and expressed as a percentage of the 
'live' population It should be noted that the majority of the dead cells (>90%) were CD46 positive, 
thereby expressing a 'false acrosome reaction 
To confirm the presence of CD46 binding and fluorescence, several of the suspensions were examined 
by fluorescence microscopy (data not shown) 
Data were analyzed using Statgraphics statistical software (Statistical Graphics Corp , Rockville, MD, 
USA), utilizing the unpaired Student's t-test 
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Results 
Results from the 20 specimens/80 replicates were as follows SAR (spontaneous acrosome reaction) 
was 4 5% ± 0 94, IAR (ionophore induced acrosome reaction) was 23 0% ± 3 0 This gave an ARIC 
score (acrosome response to ïonophore-challenge ι e IAR - SAR) of 18 5 The IAR value was 
significantly higher than the SAR value ( Ж 0 01) as shown in Figure 1 
30 η . 
25 --
20 --
ARM 15 
10 -· 
5 --
0 -1 1 
SAR IAR 
Figure 1 Spontaneous (SAR) and Ionophore induced (IAR) Acrosome Reactions 
in Human Spermatozoa, as measured by Flow Cytometry 
Values are means ± SEM N = 20 P< 0 01 
Discussion 
The method we describe for the detection of the acrosome reaction in vitro gives a simple, rapid and 
precise assay system for use in addition to available fertility diagnostic procedures In contrast to the 
available fluorescent assays, which are manually screened and counted, our technique enables a 
minimum of 5000 spermatozoa to be assessed not only for the acrosome reaction, but the concomitant 
screening out of spermatozoa displaying a false acrosome reaction (ι e a degeneration reaction due to 
loss of integrity of the sperm plasma membrane) During the study it was interesting to observe that 
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more than 90% of the dead spermatozoa exhibited a positive acrosome reaction, ι e they displayed 
green fluorescence indicating CD46 antibody binding The analysis by flow cytometry thus allows for 
the instantaneous exclusion of any spermatozoa not displaying a true acrosome reaction by use of the 
supravital fluorescent stain, ethidium bromide 
In conclusion we confirm the initial observations of D'Cruz and Haas (1992) as far as CD46 antibody 
may be used to detect the acrosome reaction in human spermatozoa We further advanced the assay by 
inclusion of a supravital stain in order to differentiate between a true and false acrosome reaction and 
would finally state that the flow cytometric analysis allows rapid screening of specific spermatozoa 
populations Further applications of this technique would be its use as a diagnostic tool for fertility 
screening, in conjunction with other available assay systems, especially with respect to IVF techniques 
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2.2 Use of the assay system to differentiate between the acrosome reaction of 
spermatozoa selected by Percoli gradients and Swim-up techniques 
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Pentoxifylline potentiates ìonophore (A23187) mediated acrosome reaction in human 
spermatozoa flow cytometric analysis using CD46 antibody 
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and К V Sheth 
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Percoli semen preparation enhances human oocyte fertilization in male-factor infertility as 
shown by a randomized cross-over study 
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Abstract 
The aim of the study was to utilize our previously described flow cytometric assay to differentiate 
between the spontaneous and induced acrosome reactions of human spermatozoa separated by either 
Percoli density gradient centrifugation (PG) or multiple-tube swim up (MTSU) techniques. The 
acrosome reaction was induced in vitro by using calcium ionophore (A23187) and was detected by 
measuring the fluorescence of FITC-conjugated goat anti-mouse immunoglobulin bound to CD46 
antibody (which binds to the inner acrosomal membrane of acrosome reacted spermatozoa) by flow 
cytometry. A total of 20 specimens (80 replicates) were treated by both PG and MTSU in order to 
isolate motile sperm populations. Spermatozoa separated by PG displayed significantly lower 
spontaneous acrosome reactions (P= 0.02) than those spermatozoa separated by MTSU. The values for 
the induced acrosome reaction were not significantly different, but in computing the ARIC (acrosome 
response to ionophore challenge i.e. induced value minus spontaneous value) we found that the scores 
in the PG group were significantly higher than the MTSU group (P< 0.01). 
We therefore conclude that Percoli selection of motile spermatozoa may enhance fertilization in IVF 
cycles, especially where male-factor infertility exists, and that (his may be due to the inherent selection 
of spermatozoa displaying normal, intact acrosomes as measured by flow cytometry. We therefore 
advocate the replacement of swim-up techniques with Percoli density gradient centrifugation. 
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Introduction 
In-vitro fertilization (IVF) and embryo transfer and gamete intrafallopian transfer are nowadays 
accepted treatment modalities for male infertility Pregnancy rates for these assisted reproductive 
techniques, however, remain suboptimal when compared to normozoospermic cases This difference is 
largely due to lower fertilization rates in the sperm dysfunction group (Tournaye et al, 1992) 
Semen preparation forms an integral part of advanced reproductive technologies and is an accepted 
method of improving fertilization rates Several swim-up procedures have been described in the 
literature (Lopata et al, 1976, Overstreet et al, 1980) However, swim-up methods are somewhat 
limited in their application to normozoospermic specimens Recently, a variety of new methods of 
sperm separation have been evaluated m attempts to increase the selection of the motile fraction These 
include the use of Sephadex columns (Steeno et al, 1975, Drobnis et al, 1991), FicoU columns (Harris 
et al, 1981), glass wool filtration (Paulson and Polakoski, 1977, Rhemrev et al, 1989), albumin 
gradients (Ericsson, 1977, Harris et al, 1981), and buoyant density centrifugaron through Percoli 
gradients (Gorus and Pipeleers, 1981, Forster et al, 1983, Hyne et al, 1986, McClure et al, 1989) 
Selection of motile spermatozoa by Percoli separation has been shown to produce greater recovery of 
motile spermatozoa (McClure et al, 1989, Morales et al, 1991), to increase the percentage of 
spermatozoa with normal morphology (Van Der Zwalmen, 1991), to improve sperm dysfunction as 
tested by zona-free hamster egg penetration (Serafini et al, 1990, Chan and Tucker, 1992), and to 
reduce reactive oxygen species with their known negative effects on sperm function (Anken et al, 
1989) Improved human IVF, however, has only been reported in non-controlled studies (Tanphaichitr 
et al, 1988, Guerin et al, 1989, Van Der Zwalmen, 1991) Conversely, Englert et al, (1992) failed to 
show improved fertilization rates in an auto-controlled study, where each semen sample was prepared 
by both methods and the retrieved oocytes were randomly allocated to a preparation method We 
previously compared Percoli density gradient centnfugation (PG) with multiple-tube-swim-up (MTSU) 
separation in a prospective randomized cross-over study (Jaroudi et al, 1993) and found that PG was 
superior to MTSU with respect to motile spermatozoa recovery and fertilization rates in IVF In the 
present study we have examined the acrosome reaction rates between the two techniques, by now 
cytometric analysis, in order to differentiate one of the possible reasons for the enhancement of 
fertilization in IVF, besides motility and sperm recovery 
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Materials and Methods 
Reagents and Stock Solutions 
Calcium ïonophore (A23187) was obtained from Sigma Chemical Co , St Louis, MO, USA A stock 
solution of 5 mM in dimethylsulphoxide (DMSO, Sigma) was stored at -40CC in 0 2 ml ahquots A 
working stock solution was obtained by diluting 1 10 (v/v) in unsupplemented human tubal fluid media 
(HTF, Quinn et al, 1985) and equilibrated at 37°C in 5% CO2 in air for 3 hours prior to use, 10 μΐ was 
added to each 500 μΐ of prepared spermatozoal suspension, to give a final concentration of 10 μΜ 
(Cummins et al, 1991) 
Percoli (Sigma) gradients were made using a protocol adapted from Dravland and Mortimer (1985) 
using HTF-BSA as the diluent (BSA bovine serum albumin fraction V, low endotoxin, Irvine 
Scientific, Santa Ana, CA, USA) Gradients of 95% and 47 5% were made and equilibrated at 37°C in 
5 % CO2 in air for a minimum of 2 hours prior to use 
Anti-human CD46 monoclonal antibody (AMAC Ine , Westbrook, ME, USA) was made up as a stock 
solution of 10 μg/ml in PBS (phosphate buffered saline, Sigma) A stock solution of fluorescein-
conjugated goat anti-mouse Ig (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) of 
50 μg/ml, and a stock solution of ethidium bromide (Sigma), also of 50 μg/ml were both made up in 
PBS 
Spermatozoa Preparation 
Semen specimens (N=20) were obtained from the andrology section of the IVF clinic All specimens 
were obtained by masturbation into sterile containers after 72 hours of sexual abstinence All specimens 
were processed within 1 hour of collection and after liquefaction at room temperature for 30 minutes 
Semen analysis was carried out using the Makler chamber (Sefi Medical Instruments, Haifa, Israel) 
Specimens exhibiting < 5 million motile spermatozoa per ml were excluded from the study Each 
specimen was split into two equal ahquots and processed by MTSU (multiple-tube-swim-up) and PG 
(Percoli density gradient centnfugation) as follows 
Multiple Tube Swim-Up Technique 
Tubes were manufactured by heat-sealing 5 75" sterile Pasteur pipettes at the taper, 0 3-0 5 ml of 
liquefied semen was pipetted into the base of each tube and the meniscus marked with a waterproof 
pen, 0 5 ml of HTF-BSA was carefully layered on top of the semen and the tops of the tubes sealed 
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with Parafilm (Fisher Scientific, Pittsburgh, PA, USA) The tubes were incubated vertically for 1 hour 
at 37°C in 5% CO2 in air, then the upper layers containing motile spermatozoa were aspirated into a 
sterile 15 ml centrifuge tube (Coming Ine , Corning, NY, USA) The volume was made up to 6 0 ml 
with HTF BSA, and the tube was centrifuged at 300 g for 10 minutes at room temperature The 
supernatant was discarded and the pellet resuspended to a concentration of 50 60 million motile 
spermatozoa/ml in HTF-BSA, and incubated for 4 hours before further processing A 1 0 ml aliquot 
was taken for acrosome reaction testing 
Percoli Density Gradient Technique 
This was carried out according to the method of Dravland and Mortimer (1985) Briefly, 0 5 ml of the 
95% and 47 5% solutions of Percoli were gently layered, respectively, into a sterile 15 ml centrifuge 
tube, 0 3-0 5 ml semen was gently layered on top of the gradient and the whole centrifuged at 350 g for 
20 minutes at room temperature The Percoli layers were aspirated and the remaining sperm pellets 
pooled and resuspended to a volume of 6 0 ml with HTF-BSA This was centrifuged at 300 g for 10 
minutes at room temperature, the supernatant was discarded and the final pellet resuspended up to a 
final concentration of 50-60 million motile spermatozoa per ml in HTF-BSA The suspensions were 
incubated for 4 hours prior to further processing A final aliquot of 1 0 ml was taken from each 
preparation for acrosome reaction testing 
Induction of the Acrosome Reaction with lonophore (A23187) 
Each prepared spermatozoa suspension (PG and MTSU) was split into two 0 5 ml ahquots, labelled A 
and В The aliquot labelled A received 10 μΐ HTF-BSA, the aliquot labelled В received 10 μΐ A23187 
working stock, giving a final concentration of 10 μΜ A23187 Tubes were loosely capped and 
incubated at 37°C in 5% CO2 in air for 45 minutes After incubation, volumes were made up to 6 0 ml 
with HTF-BSA and centrifuged at 300 g for 10 minutes The supernatants were discarded and the 
pellets made up to 0 5 ml with HTF-BSA and transponed to the flow cytometry laboratory for further 
processing 
Procedural Notes 
Initial experimentation, prior to setting up the assay, defined the experimental parameters for the system 
outlined above For example, the dilution of A23187 and the incubation time of 45 minutes was derived 
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by testing series of specimens at different incubation times and concentrations The definitive assay 
gave the most reproducible acrosomal induction with the least sperm damage ι e least loss of motility, 
and is in agreement with the methodology of Cummins et al, 1991 
Further, initial experiments were carried out using control tubes containing the diluent, DMSO, at the 
concentration added with the A23187 The final concentration was calculated to be less than 0 5% and 
demonstrated no effect on spermatozoa viability, motility, morphology, or the acrosome reaction, as 
compared to untreated (culture media only) controls, after testing on 150 routine semen specimens 
(unpublished observations) 
Flow Cytometry 
The spermatozoa suspensions were made up to 2 0 ml with PBS 'and centnfuged at 500 g for 5 minutes 
The pellets were resuspended in 20 μΐ of reconstituted anti-human CD46 monoclonal antibody to give a 
final concentration of 10 μ£/πι1, and mixed by light vortexing Tubes were incubated at room 
temperature for 30 minutes followed by centrifugation with 2 0 ml of PBS The supe matants were 
discarded and 4 μΐ of FITC-conjugated goat anti-mouse Ig was added to each pellet and mixed by light 
vortexing Suspensions were incubated for 30 minutes at room temperature in the dark, followed by 
two washes in PBS (as above) The final pellets were resuspended in 1 0 ml of PBS and then analyzed 
on the FACScan flow cytometer (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) 
Immediately before analysis, 20 μΐ ethidium bromide at a concentration of 50 Hg/ml was added to give 
a final concentration of 1 μg/ml 
Data were collected in list mode on 5000 cells using the FACScan Research Software and stored on 
disk for subsequent analysis The parameters for collection were forward scatter, side scatter, green 
fluorescence, and red fluorescence Data were later analyzed using the same software A gate was set 
to exclude cells that fluoresced red (ethidium bromide positive) - these cells had permitted influx of the 
label and were concluded to be dead After setting the 'live' gate, the number of cells, above 
background, that fluoresced green (CD46 positive) were counted and expressed as a percentage of the 
'live' population It should be noted that the majority of the dead cells (>90%) were CD46 positive, 
thereby expressing a 'false' acrosome reaction 
To confirm the presence of CD46 binding and fluorescence, several of the suspensions were examined 
by fluorescence microscopy (data not shown) 
Data were analyzed using Statgraphics statistical software (Statistical Graphics Corp., Rockville, MD, 
USA), utilizing the unpaired Student's t-test 
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Results 
Results from the 20 specimens/80 replicates were as follows (all values are ± SEM) 
For PG SAR (spontaneous acrosome reaction) was 4 5% ±0 9, 
IAR (ïonophore-induced acrosome reaction) was 23 0% ± 3 0 
This gave an ARIC score (acrosome response to ïonophore-challenge ι e IAR - SAR) of 18 5 The 
IAR value was significantly higher than the SAR value (Я<0 01) as shown in Figure 1 
For MTSU SAR was 9 8 ± 1 2 
IAR was 23 3 ± 2 6 
This gave an ARIC score of 13 5 
The IAR value was significantly higher than the SAR value (P<0 01) as shown in Figure 1 
The ARIC score in the PG group was significantly higher than that in the MTSU group (P=0 002) 
The SAR in the MTSU group was significantly higher than that in the PG group (P=0 002) 
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Figure 1 Spontaneous (SAR) and Ionophore-induced (IAR) Acrosome Reactions in 
Human Spermatozoa, as measured by Flow Cytometry 
Values are means ± SEM N = 20 
SAR = spontaneous acrosome reaction IAR = ionophore-induced acrosome reaction 
PG = Percoli density gradient centrifugation MTSU = multiple-tube swim-up 
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Discussion 
In the study we examined the effects of two different sperm separation techniques on the spontaneous 
and îonophore-induced acrosome reactions Spermatozoa separated by Percoli demonstrated a 
significantly lower frequency of spontaneous reactions than those separated by swim-up (Р=0 002) A 
possible explanation for this phenomenon could be due to the nature of the Percoli technique, for the 
sperm population selected may exhibit a greater degree of nuclear maturation (1 e denser condensation) 
as well as stronger membrane integrity This selected population may consist of more morphologically 
normal (from a nuclear point of view) gametes as may be selected by Percoli, whereas swim up 
techniques select motile spermatozoa preferentially by forward progressive motility alone A possible 
saving effect may occur in the spermatozoa available for insemination, because those gametes which 
have prematurely undergone the acrosome reaction prior to reaching the zona pellucida may be unable 
to bind to and penetrate the zona (Yanagimachi, 1989, Pilikian et al, 1992, Llanos et al, 1993) Percoli 
may thus remove more spermatozoa which play little or no functional role in the process of 
fertilization Observations of the ARIC scores of the two groups show that the ARIC scores of the 
Percoli group are greater than those of the swim-up group (P< 0 01), thereby indicating that Percoli 
preferentially selects more morphologically and physiologically competent gametes ι e those with a low 
spontaneous acrosome reaction rate, giving a greater inducible-acrosome reaction rate under stimulus 
It remains to be seen if this observation is also true for the physiological acrosome reaction, that is, in 
an in-vitro situation when the spermatozoa comes mto contact with the zona pellucida of a mature 
oocyte 
In conclusion we would state that Percoli separation of spermatozoa be performed in preference to 
swim-up techniques for the advanced reproductive procedures, primarily because of the 'saving' effect 
of acrosome-intact spermatozoa 
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Chapter 3 
In vitro Assessment of the Acrosome Reaction 

3.1 Visualization of the CD46 antigenic determinant on human spermatozoa by 
immunoelectron microscopy 
J A Carver-Ward, J A McClmtock and J M G Hollanders 
Submitted 
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Abstract 
Expression of the CD46 antigenic determinant was studied by immunocytochemical electron 
microscopy and was shown to be present only on the inner acrosomal membrane and equatorial 
segment of acrosome reacted spermatozoa. This was achieved by incubating acrosome reacted 
spermatozoa with CD46 antibody plus enhancement with colloidal gold-IgG conjugate in order to 
examine the binding characteristics of the CD46 antigen Examination by ТЕМ and SEM (transmission 
and scanning electron microscopy) demonstrated that the CD46 antigenic determinant is only expressed 
on the inner acrosomal membrane and equatorial segment of human spermatozoa after completion of 
the acrosome reaction, the largest density of receptor sites being located around the equatorial segment, 
thus implying a role for this location in sperm-oocyte binding. 
« 
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Introduction 
CD46 (membrane cofactor protein) has been shown to be present on a wide variety of mammalian cells 
including spermatozoa (Cervoni et al, 1992; Adams et al, 1991) and is a known inhibitor of 
complement activation (Rooney et al, 1992; Liszewski et al, 1991). CD46 belongs to a group of 
proteins which control C3b deposition (Anderson et al, 1993); also, it has been recognized that CD46, 
in working in conjunction with DAF (decay accelerating factor) protects membranes against 
complement-mediated lysis, thereby serving as an immunologic recognition and protection system. (For 
a review, see Ross and Medof, 1985). In human spermatozoa, this would prevent lysis of a 
spermatozoa which had undergone the acrosome reaction (thereby having exposed the CD46 antigenic 
determinant), a role which would be critical during the process of sperm-zona binding and entry into 
the perivitelline space of the oocyte (D'Cruz and Haas, 1993). Interestingly, CD46 has also been 
implicated in the down-regulation of complement-activation between fetal trophoblast and uterine 
endometrial epithelial cells (McNeamy et al, 1989; Risk et al, 1991); it is also present on unfertilized 
oocytes and on preimplantation blastocysts (Roberts et al, 1992). 
The majority of research concerning the presence of the CD46 antigenic determinant on the inner 
acrosomal membrane of spermatozoa has been performed by immunoperoxidase staining techniques 
(Simpson and Holmes, 1994; Johnstone et al, 1993), and also by immunofluorescence microscopy 
coupled with flow cytometry (D'Cruz and Haas, 1992; Carver-Ward et al, 1994; Tao et al, 1993). 
Electron microscopic techniques (transmission and scanning) have been used to examine sperm 
morphologic features for many years (Roomans et al, 1975; Nagae et al, 1986; Zamboni 1992) but the 
methodologies are far too labor-intensive for routine diagnostic use for laboratory examination of the 
acrosome reaction; however, when coupled with immunologic techniques it becomes a useful 
confirmational tool for the more widely applied diagnostic techniques (Foster et al, 1994; Aitken and 
Bnndle, 1993; Stock et al, 1989; Gallo étal, 1991). 
In examining the available literature we do not find any reference to the immunoelectron microscopic 
visualization of CD46/MCP on sperm cells, therefore, in order to confirm our previous study regarding 
the flow cytometric analysis of the acrosome reaction (Carver-Ward et al, 1994) we have endeavoured 
to provide evidence for the precise location of the CD46 antigenic determinant by transmission and 
scanning electron microscopy. 
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Materials & Methods 
Reagents and Stock Solutions 
Calcium ïonophore (A23187) was obtained from Sigma Chemical Co , St Louis, MO, USA A stock 
solution of 5 mM in dimethylsulphoxide (DMSO, Sigma) was stored at -40°C in 250 μΙ ahquots A 
working stock solution was obtained by diluting 1 10 in unsupplemented human tubal fluid media 
(HTF, Quinn et al , 1985) and equilibrated at 37°C in 5% CO2 m air for 3 hours prior to use, 10 μΐ 
was added to each 500 μΐ of prepared spermatozoa suspension, giving a final concentration of 10 μΜ, 
as previously described (Carver-Ward et al , 1994) 
20 mM Tris buffer, pH 7 4, Millonigs phosphate buffer, pH 7 4, normal goat serum, bovine serum 
albumin, and acetone were all obtained from Fisher Scientific, Pittsburgh, PA, USA 
Polybed 812 resin was obtained from Polysciences Ine , Warrington, PA, USA Epoxy resin was made 
up in batches consisting of Polybed 812 with DDSA and NMA (dodecyl succinic acid and nadiç methyl 
anhydride, Polysciences) The accelerator consisted of DMP30 (dimethyl amino methyl phenol, 
Polysciences) 
Osmium tetroxide and glutaraldehyde were obtained from Agar Scientific, Essex, UK Glutaraldehyde 
was made up as a 2 5% solution with Millonigs phosphate buffer 
Anti-human CD46 monoclonal antibody (AMAC Ine , Westbrook, ME, USA) was made up as a stock 
solution of 10 μg/ml in PBS (phosphate buffered sahne, pH 7 4, Sigma) Colloidal gold conjugated IgG 
(goat anti-mouse, 10 nm and 20 run, Sigma) was used as provided and diluted as later described 
Sperm Preparation 
Semen specimens were obtained from the Andrology laboratory of the IVF Clinic All specimens were 
collected by masturbation after 72 hours of sexual abstinence All specimens were processed within 1 
hour of collection and after liquefaction at room temperature for 30 minutes Routine semen analysis 
was carried out using a CellSoft 2000 automated semen analyser as previously described (Carver-Ward 
et al, 1996) Only specimens from patients with proven fertility, and with >50 million/ml, >50% 
motility, >30% normal forms according to Strict Criteria (Kruger et al, 1986) were included in the 
study 
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Induction ofAcrosome Reaction 
This was performed as previously described (Carver-Ward et al, 1994) Briefly, specimens were 
processed by Percoli density gradient centrifugation to isolate the motile sperm population Pellets were 
washed with 10 volumes of HTF-BSA (Quinn et al, 1985) and the pellets resuspended to 0 5 ml in 
HTF-BSA 
Sperm suspensions were incubated for 45 minutes in 5% CO2 at 37CC in the presence of 10 μΜ 
calcium ìonophore (A23187) Suspensions were made up to 5 ml with unsupplemented HTF and 
centnfuged at 300 g for 10 minutes The wash step was repeated twice in order to remove any residual 
Percoli, ìonophore, and BSA The final pellet was made up to 2 ml with PBS and split into two 1 ml 
aliquots - 1 test and 1 control 
In vitro (Pre-embedding) Immunolabelhng of Spermatozoa 
All immunolabelhng procedures were carried out at room temperature All wash steps involved 
resuspension of the pellets up to 2 ml with 20 mM Tris-BSA (0 1 mg/ml) with 10 minutes 
centrifugation at 400 g 
Unfixed acrosome reacted spermatozoa were made up to 2 ml and centnfuged for 10 minutes The 
pellet was resuspended up to 0 5 ml Tris-BSA containing 25 μΐ normal goat serum The suspension was 
gently mixed and incubated for 15 minutes, then washed twice and resuspended in Tris-BSA. The final 
pellet was resuspended in 250 μΐ Tris-BSA to which was added 25 μΐ CD46 antibody and incubated for 
30 minutes Control aliquots were incubated without the addition of CD46 Suspensions were washed 
twice with Tris-BSA with a final wash m Tris-BSA pH 8 6 The final pellets were resuspended in 100 μ 
1 Tris-BSA to which had been added 10 μΐ colloidal gold-conjugated IgG. Suspensions were incubated 
for 60 minutes and then washed twice with Tris-BSA pH 8 6 and finally m Millonigs phosphate buffer, 
pH7 4 
Finally, control and test pellets were each divided into two portions, one for transmission electron 
microscopy (ТЕМ), and one for scanning electron microscopy (SEM) 
The pellets for ТЕМ were fixed for 1 hour in 2 5% glutaraldehyde m Millonigs buffer The unfixed 
portions of the specimens for SEM were resuspended in 250 μ! of Millonigs buffer 
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Preparation for Scanning Electron Microscopy (SEM) 
50 μΐ of the unfixed sperm suspensions were deposited onto poly-L-lysme (Sigma) coated glass 
covershps cut to the size of an SEM mounting stub Covershps were incubated in a hydrated petri dish 
for 30 minutes at room temperature to allow spermatozoa to settle and attach to the surface Covershps 
were then fixed in 2 5% glutaraldehyde for 1 hour at room temperature after which the glutaraldehyde 
was replaced with Millonigs buffer This rinse step was performed twice for 10 minute periods 
Covershps were then postfixed with Osmium tetroxide (1% in Millonigs buffer) for 60 minutes and 
then rinsed with distilled water for 5 minutes Covershps were then dehydrated in acetone (10 minutes 
each of 30%, 50%, 70%, 90% and 100%) and critical point dried in a Polaron CPD before sputter 
coating with gold before observation and photography m a Jeol 840 scanning electron microscope 
Preparation for Transmission Electron Microscopy (ТЕМ) 
Fixed sperm suspensions were washed and centnfuged twice (450 g for 5 minutes) in Millonigs buffer 
Pellets were resuspended in 1 % osmium tetroxide and incubated at room temperature for 60 minutes 
This was followed by stepwise dehydration in acetone (as above for SEM) 
Embedding for ТЕМ 
The final pellet was dislodged with a small probe and placed into а ВЕЕМ capsule containing 
acetone epoxy resin 1 1 (v/v) - epoxy resin was reconstituted as described in 'Reagents and Stock 
Solutions' Pellet fragments were allowed to infiltrate for a minimum of 5 hours The capsule was then 
centnfuged at 600 g and a layer of 100% epoxy resin carefully layered over the pellet Capsules were 
then polymerized at 70°C for 36 hours Ultratlun (50-70 run) sections were cut on a Reichert Ultracut 
ultramicrotome, stained with saturated uranyl acetate for three minutes and viewed under a Philips CM 
100 ТЕМ 
Results 
All results are illustrated by figures 1 to 6 and demonstrate the findings with respect to colloidal gold-
conjugate/CD46 antibody binding on the sperm membranes For ease of reference, the actual conjugate 
ι e colloidal gold-conjugated IgG enhancing CD46 antibody bound to the CD46 antigenic determinant, 
is referred to as CGC All bars represent 1 μπι 
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Figure 1 
This ТЕМ shows an acrosome reacted spermatozoon with CGC particles (10 run) attached to the CD46 antibody 
bound to the CD46 antigen on the spermatozoon inner acrosomal membrane. It can be seen that no CGC is bound 
posterior to the equatorial segment. Further, the CGC particles appear to be bound directly to the inner acrosomal 
membrane rather than to the acrosomal contents. It is also notable that a high density of CGC particles are 
clustered at the apex of the spermatozoon. 
Figure 2 
This ТЕМ shows a spermatozoon which has undergone initiation of the acrosome reaction. The outer acrosomal 
membrane is begining to fuse with the plasma membrane and there is commencement of vesiculation. Dense 
binding of CGC particles is apparent only in the region of the equatorial segment, where the initiation of the 
acrosome reaction takes place. 
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Figure 3 
This ТЕМ shows an acrosome reacted spermatozoon binding 20 nm CGCF particles. Density of binding appears to 
be lower than that observed with the 10 nm particles. This may be due to the larger size and higher molecular 
weight of the particles rather than a lower affinity for the receptor. It is also noteworthy that there still appears to 
be no binding posterior to the ennatnrial «>pment. 
Figure 4 
This ТЕМ demonstrates CGC binding on acrosome reacted and acrosome intact spermatozoa. There is no binding 
of CGC particles to any of the acrosome intact spermatozoon membranes - the small cluster of four particles seen 
on the acrosome intact spermatozoon may be attributed to low background binding rather than to the actual 
presence of a receptor i.e. non-specific binding 
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Figure 5 
This SEM shows an acrosome reacted spermatozoon from the control group i.e. incubated in the presence of CGC 
without prior exposure to CD46 antibody. There is no binding of CGC particles to any of the sperm membranes, 
including the exposed equatorial segment. This confims our hypothesis that the CD46 antibody rather than the CGC 
is responsible for the binding patterns observed in the test groups, and that CD46 antibody demonstrates specific 
recognition of the CD46 antigenic determinant. 
Figure 6 
This shows an SEM of an acrosome reacted spermatozoon from the test group, incubated in the presence of CD46 
antibody and CGC. Note the binding of the particles to the inner acrosomal membrane and also the dense 
distribution of particles on the equatorial segment. Again, no CGC binding is observed posterior to the equatorial 
segment. 
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Discussion 
There are relatively few studies concerning examination of spermatozoa by electron microscopic 
techniques, especially with respect to the acrosome reaction In 1986, Nagae et al defined the stages of 
the acrosome reaction, Topfer-Petersen et al (1988, 1990) described a method by which to visualize the 
different stages of the acrosome reaction in boar spermatozoa using immunoelectron microscopy and 
topographically determined the fate of various membrane proteins during the acrosome reaction, 
Monillo and Wassarman (1991) detailed the binding of gold-probes to various mouse sperm 
compartments With respect to studies on human spermatozoa, Toshimon et al (1991) identified a 
monoclonal antibody, termed MN13, which bound to the post-acrosomal region of spermatozoa, 
visualized by colloidal gold enhanced electron microscopy, later (Toshimon et al, 1992) they described 
another monoclonal antibody, termed MN9, which was specific to the equatorial segment of 
spermatozoa Further, Aitken and Bnndle (1993) defined and analyzed 3 probes which bound to the 
acrosomal region of acrosome reacted and acrosome intact spermatozoa in order to confirm their 
immunofluorescence studies with Pisum sativum lectin 
There is much diversity in the literature regarding the assessment of the acrosome reaction in vitro, 
especially with regards to the immunofluorescence techniques, further, the literature regarding 
immunoelectron microscopy carries no consensus regarding acrosomal assessment techniques Aitken 
and Bnndle (1993) describe the use of CRB9, a mcAb (monoclonal antibody) binding to the outer 
acrosomal membrane and acrosomal matrix after permeabihzation of the plasma membrane, Gallo et al, 
(1991) describe 4D4, an mcAb binding to the acrosomal matrix, Foster et al (1994) describe SPIO, an 
mcAb binding to the inner acrosomal membrane and acrosomal matrix, Jimenez et al (1994) describe 
I9G9, an mcAb binding to the inner acrosomal membrane and matrix, but not to the equatorial 
segment, Fenichel et al (1989) describe GB46, an mcAb binding to the inner acrosomal membrane The 
majority of work has been carried out utilizing CD46 which binds to the inner acrosomal membrane 
and equatorial segment (D'Cruz and Haas, 1992, Tao et al, 1993, Carver-Ward et al, 1994) and their 
flow cytometric analysis of the acrosome reaction using CD46 is now a well established method for 
routine use, and the work has been confirmed by concomitant examination of the spermatozoa by 
fluorescent microscopy, however, we were unsure of the specificity and nature of the binding of the 
CD46 antibody on the spermatozoa ι e the precise site of bindmg could influence the outcome of the 
flow cytometric assay by not solely recognising acrosome reacted spermatozoa alone, or to spermatozoa 
not having completed the acrosome reaction Thus, by performing immunoelectron microscopy we 
were able to define the location of the CD46 antigenic determinant on acrosome reacted spermatozoa 
Interestingly we also noted a high density of the site at the region of the equatorial segment of acrosome 
reacted spermatozoa, most markedly observed under SEM This could implicate a role for the 
importance of this region in sperm-zona binding and initiation of the acrosome reaction (Wassarman 
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1988), especially if further studies could confirm the actual nature of gamete fusion at the molecular 
level 
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Abstract 
The measurement of the human sperm acrosome reaction (AR) has most popularly been assessed using 
epifluorescence microscopy This method relies upon the binding of fluorescently conjugated lectins to 
the various spermatozoa membranes, before and after the acrosome reaction Previously we reported 
the use of flow cytometry utilizing CD46 antibody which binds to the inner acrosomal membrane of 
acrosome reacted spermatozoa In this study we have compared this methodology with the three most 
popular lectins in use today - Pisum sativum (PSA), Arachis hypogaea (PNA), and Canavaha 
ensiformis (ConA) In comparing CD46 binding with that observed for the lectins we found no 
correlation (in detection of the acrosome reaction) with either PSA or ConA, both of which bound non-
specifically to spermatozoa membranes However, PNA was found to exhibit a similar binding pattern 
to that observed with CD46, namely, low fluorescence (and hence, low binding) prior to the acrosome 
reaction, and an increase in fluorescence (and hence, increased binding) after AR induction with 
calcium lonophore The increase in PNA binding was of a significantly lower magnitude from that 
observed with CD46 We therefore conclude that PNA binds to the inner acrosomal membrane of 
acrosome reacted spermatozoa, prepared without permeabihzation or fixation The purpose of the study 
is therefore to present data which clarifies the assessment of the acrosome reaction when CD46 and 
lectins are used, and also to recommend a more uniform and consistent assay protocol 
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Introduction 
A variety of methods for assessing and quantifying the human sperm acrosome reaction are currently 
available, amongst which are epifluorescent microscopy and flow cytometry However, there appears to 
be no common consensus in the literature as to standardized methodologies for any of the techniques 
Further there is also no consensus regarding the validity of interassay comparisons, especially with 
regards to assays utilizing the binding of lectins for assessment of the acrosome reaction Lectins are 
known to bind to various different saccharide moieties on cell membranes, including spermatozoa cell 
membranes (for a review, see Kallajoki et al 1985) Kallajoki et al (1985) examined the binding 
properties of six different fluorescently conjugated lectins to spermatozoa membranes, by epifluorescent 
microscopy, and discovered that the binding properties to the various sugar moieties was greatly 
dependent upon the method of spermatozoa treatment prior to, and during, labelling ι e dependent 
upon whether the spermatozoa was fixed, permeabilized, air dried, or untreated If we examine the 
various epifluorescent microscopic and flow cytometric techniques, we can see that a variety of lectins 
are in use as well as the various spermatozoa preparation protocols, also in consideration of the use of 
concomitant spermatozoa viability assessment For example, if we look firstly at the literature regarding 
the use of Pisum sativum (PSA - which reportedly binds to an a-mannose moiety on the spermatozoa 
outer acrosomal membrane) we find several technical differences between authors Liu and Baker 
(1994, 1988), Oehninger et al (1994a & b), Cummins et al (1991), and Brucker et al (1994) all 
perform pre-fixation of spermatozoa with ethanol prior to labelling with FITC-PSA, and utilize no 
supravital staining protocol However, Cross et al (1986), Wang et al (1993), Calvo et al (1989, 1994a 
& b), and Tesarik et al (1992, 1993) all used the same protocol as those above, yet incorporated the 
supravital stain H33258 into their protocols Yet another protocol, utilizing a paraformaldehyde pre-
fixation plus the H33258 supravital stain was used by Morales and Cross (1989) and Uhler et al (1993) 
Thus giving three different approaches for the first major lectin, PSA 
In examining a second popular lectin, Arachis hypogaea (PNA - reportedly binds to a galactosyl(ß-
l,3)N-acetylgalactosamme residue on the sperm outer acrosomal membrane and matrix), we find the 
following techniques in use Mladenovic et al (1993) - using a biotinylated rather than FITC-
conjugated-PNA - used ethanol fixation prior to staining and used no supravital stain, whereas Gearon 
et al (1994) used the ethanol fixation plus the supravital stain H33258 Conversely, Parinaud et al 
(1993) utilized a method of no fixation prior to, or after, lectin binding, plus they used H33258 as the 
supravital stain. Further, Aitken et al (1993, 1994), and Krausz et al (1995) used a methanol fixation 
plus the hypo-osmotic swelling test to assess sperm vitality An adaptation of the methodologies was 
used by Purvis et al (1990) who utilized flow cytometry and performed ethanol fixation after lectin 
binding, and used propidmm iodide as the supravital stain 
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When we examine the case for Canavalia ensiformis (ConA - reportedly binding to α-mannose and a-
glucose residues on the inner acrosomal membrane) we find that Takahashi et al (1992), Holden and 
Trounson (1991), and Holden et al (1990) utilize a formaldehyde prefixation of spermatozoa, with no 
supravital stain, whilst Tournaye et al (1994) and Palermo et al (1992) use the same method but add the 
H33258 supravital stain Further, Mladenovic et al (1993) adhere to the biotinylated lectin protocol and 
utilize ethanol fixation with no supravital stain 
A further lectin may be considered - Trittcum vulgaris (WGA - reportedly binds to a N-
acetylgalactosamine residue on the inner acrosomal membrane and equatorial segment of spermatozoa) 
- Gabriel et al (1995) uses a paraformaldehyde prefixation with no supravital stain 
In further examining the various protocols mentioned above, we can also see that there are variations 
between fixation times, incubation times, air drying techniques, fixation after air drying or before air 
drying, etc 
If we consider flow cytometric analysis further, we can see that it is gaining wider acceptance as a 
technique for assessing the acrosome reaction and viability simultaneously Tao et al (1993b) examined 
the use of two monoclonal antibodies (MH61 and CD46) for acrosome reaction assessment, whilst 
others have concentrated on CD46 alone (D'Cruz and Haas, 1992, Carver-Ward et al, 1994) When 
comparing these assays to the more widely used epifluorescent microscopic techniques, the flow 
cytometric analysis is able to give a far more simple and objective method of analysis, especially with 
regards to correlation of fertilization with acrosome reactivity potential (Purvis et al, 1990, Uhler et al, 
1993, Carver-Ward étal, 1996, in press) 
In this study we have attempted to elucidate the binding properties of the three most popular lectins in 
use today (namely Pisum sativum - PSA, Arachis hypogaea - PNA, and Canavalia ensiformis - ConA) 
by using flow cytometry in parallel with our previously described CD46 assay (Carver-Ward et at, 
1994) This is in order to compare and validate the use of lectms in the assessment of the true sperm 
acrosome reaction m vitro It should be noted that we have concentrated solely on non-permeabilized 
and non fixed spermatozoa in order to more accurately compare the true lectin binding profile with the 
flow cytometric analysis of CD46 binding Kallajoki et al (1985) stated that all of the lectins examined 
in their study displayed distinct bindmg patterns to human spermatozoa, however, they found that the 
staining of intact spermatozoa, m suspension, gave different results from those stained after air drying 
Further, prefixation with paraformaldehyde increased the number of acrosome reacted spermatozoa and 
this was similar for detergent-treated spermatozoa They concluded that lectin staining of intact cells in 
suspension most likely represented the true surface binding pattern for the lectins as 
fixation/permeabihzation techniques and air drying may disrupt the sperm plasma membrane and 
thereby expose acrosomal and intracellular glycoconjugates to lectin binding, thereby giving false 
positive surface staining data 
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The purpose of the study is therefore to present data which may assist in clarifying the assessment of 
the acrosóme reaction when lectins are used, and also to recommend a more uniform and consistent 
assay protocol, which more properly assesses spermatozoa under physiological conditions 
Materials and Methods 
Reagents and stock solutions 
Calcium lonophore (A23187) was obtained from Sigma Chemical Co , St Louis, MO, USA A stock 
solution of 5 mM was made up in dimethylsulphoxide (DMSO, Sigma) and stored at -40°C in 0 25 ml 
aliquots A working stock was made up by diluting 1 10 in unsupplemented human tubal fluid media 
(HTF, Quinn et al, 1985) and was equilibrated at 37°C in 5% CO2 in air for 3 hours before use The 
same batch of A23187 was used throughout the series of experiments 10 μΐ of the working stock was 
added to each 500 μΙ of sperm suspension, giving a final concentration of 10 μΜ (Carver-Ward et al , 
1994) 
Percoli (Sigma) gradients were used to separate motile spermatozoa from seminal plasma (Carver-Ward 
et al , 1994) using HTF-BSA as the diluent (BSA low endotoxin, 0 3%, Irvine Scientific, Santa Ana, 
CA, USA) 
Anti-human CD46 monoclonal antibody (Immunotech , Westbrook, ME, USA) was made up as a stock 
solution of 10 μg/ml in PBS (Sigma) A stock solution of fluorescein conjugated goat anti-mouse Ig 
(Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) of 50 μg/ml, and a stock solution 
of propidium iodide (Sigma), also of 50 μg/ml, were both made up in PBS 
FITC-conjugated lectins (PSA, PNA, ConA Vector Laboratories, Burhngame, CA, USA) were made 
up as a stock solution of 0 2 mg/ml in PBS 
Sperm Preparation 
Semen specimens from twenty-four males were collected after 48-72 hours sexual abstinence and were 
analyzed by a CASA system (CellSoft 2000) as previously described (Carver-Ward et al, 1996) Sperm 
morphological analysis by strict criteria was performed according to Kruger et al (1986) Criteria for 
inclusion in the study comprised a count of >50 million/ml, >50% progressive motility, >30% 
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normal forms, ARIC score (acrosome response to ïonophore challenge) of > 10 (Carver-Ward et al, in 
press) on at least one previous occasion 
Motile spermatozoa were separated from liquefied semen by Percoli buoyant density gradient 
centnfugation as previously described (Carver-Ward et al 1994) Resulting pellets were resuspended 
up to 5 ml with HTF-BSA and centrifuged at 300 g to remove residual Percoli The final pellet was 
resuspended up to 1 0 ml with HTF-BSA and a post-Percoll semen analysis carried out as described 
above Each final sperm suspension was diluted to 50 million/ml motile spermatozoa 
Induction of the Acrosome Reaction 
Each specimen was treated as previously described (Carver-Ward et al, 1994) Briefly, the prepared 
specimen was divided into two 0 5 ml aliquots (labelled A and B) To portion A was added 10 μΐ of 
HTF-BSA, and to portion В was added 10 μΐ of calcium ïonophore A23187(final dilution 10 μΜ) Each 
tube was capped lightly and incubated at 37°C/5% CO2 for 45 minutes At the end of this period, each 
was made up to 6 ml with HTF-BSA and centrifuged at 300 g for 10 minutes Supematants were 
aspirated and the wash repeated Final pellets were made up to 0 5 ml and taken for further processing 
via CD46 binding or lectin binding 
Incubation with Lectins and CD46 
Specimens were treated according to the flow chart in figure 1 Briefly, after incubation for acrosome 
reaction induction, all aliquots were made up to 8 0 ml with PBS and further divided into four 2 0 ml 
aliquots The first pair of aliquots (with and without ïonophore treatment) were allocated for CD46 
incubation, the remaining three pairs for lectin incubation (PSA, PNA, and Con A, respectively) 
For CD46 binding - Sperm suspensions were centrifuged at 500 g for 5 minutes Pellets were 
resuspended in 20 μΐ reconstituted anti-human CD46 mcAb (final cone 10 μg/ml) Tubes were 
incubated at RT (room temperature) for 30 minutes followed by centnfugation, as above, with 2 ml 
PBS (phosphate buffered saline, Sigma) Supematants were discarded and 4 μΐ FITC-conjugated goat 
anti-mouse Ig was added to each 0 1 ml pellet Suspensions were incubated for 30 mm at RT in the 
dark, followed by two washes in PBS (as above) Final pellets were resuspended in 1 ml PBS and 
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analyzed on the FACScan flow cytometer (Becton Dickinson Immunocytometry Systems, San Jose, 
CA, USA) Immediately before analysis, 20 μΐ propidium iodide (50 μg/ml) was added to give a final 
concentration of 1 Hg/ml 
For Lectin binding - Sperm suspensions were centrifuged at 500 g for 5 minutes Pellets were 
resuspended in 10 μΐ reconstituted FITC-PSA/FITC-PNA/FITC-ConA Tubes were incubated at room 
temperature (RT) in the dark, for 30 minutes followed by centrifugaron, as above, with 2 ml PBS 
(phosphate buffered saline, Sigma) Final pellets were resuspended in 1 ml PBS and analyzed on the 
FACScan flow cytometer (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) 
Immediately before analysis, 20 μΐ propidium iodide (50 μg/ml) was added to give a final concentration 
of 1 μg/ml 
Data were collected for a minimum of 5000 cells in each specimen A gate was set to exclude cells 
which fluoresced red (propidium iodide positive) - these were the dead cells in the population After 
setting the 'live' gate, the number of cells that fluoresced green (CD46 positive) were counted and 
expressed as a percentage of the live population 
Data were analyzed using LYSIS II Research Software and stored on disk for subsequent statistical 
analysis 
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Fig. 1. Flow chart to show the allocation of specimen treatments. 
Semen Specimen ». CASA & 
Morphology 
Τ • 
Percoli Preparation 
Wash and resuspend to 50 million/ml 
Τ 
Take 2 χ 0.5 ml aliquots: to one add ionophore1, to the other add HTF. 
Incubate 45 mins. Resuspend to 5 ml with HTF-BSA. 
Centrifuge @ 300 χ g for 10 minutes. 
Resuspend pellets to 0.5 ml with HTF-BSA. 
Resuspend each aliquot to 8 ml with HTF-BSA 
Divide each into 4 χ 2.0 ml aliquots and treat as below: 
(same for ionophore treated and untreated groups) 
Incubate with 
CD46 
Incubate* with 
PBS only 
Incutiate with 
PBS only 
Inclinate with 
PBS only 
Incubate with 
FITC-GAMIgb 
À 
Wash and resuspend to 0.5 ml 
τ τ 
Incubate with Incubate with 
FITC-PSAc FITC-PNAC 
À A 
Wash and resuspend to 0.5 ml 
f 
Add propidium iodide and perform flow cytometry 
"calcium ionophore (A23187) bFITC-conjugated goat anti-mouse Ig 
'FITC-conjugated Pisum sativum/'Arachis hypogaea/Canavalia ensiformis 
Incubate with 
FITC-ConAc 
A 
Results 
Statistical Analysis 
All data was analyzed by vector analysis using the Hotelling fi test. The test was performed to compare 
the results of the CD46 marker with the three lectin markers (PSA, PNA, ConA), and also the lectin 
markers with each other. Results were calculated for the spontaneous acrosome reaction (SAR), 
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ïonophore-induced acrosome reaction (IAR) and the derived acrosome response to ïonophore challenge 
(ARIC) - which is calculated by subtracting the SAR from the IAR Also, viability values were 
compared between the CD46 and lectin markers, for the SAR and IAR 
A significance level of 1% (P = 0 01) was used throughout 
Data 
All data is graphically represented in figures 2a to 2d and figure 3 
In figure 2a we show the assessment of the acrosome reaction with CD46 On the basis of the SAR, 
data was grouped into normal and abnormal responses, six specimens were found to demonstrate a SAR 
of > 10 (which, in our laboratory is the upper limit of normal for the SAR, as defined by Aitken et al, 
1994, and Carver-Ward et al, in press) The bar dividing the graph therefore splits the two groups The 
data clearly shows that CD46 does not bind to non-AR spermatozoa, whereas there is a significant 
increase in binding after induction with ïonophore (IAR) (P<0 0001) 
In figure 2b we show the assessment of the acrosome reaction with PSA It can be seen that both the 
SAR and IAR data both demonstrate binding with PSA, and that these two groups of data are 
significantly different (P<0 0001) 
In figure 2c we show the assessment of the acrosome reaction with PNA The IAR group is 
significantly higher than the SAR group ( Ж 0 0001) 
In figure 2d we show the assessment of the acrosome reaction with ConA As in figure 2b, there is no 
significant difference between the SAR and IAR values (P>0 037), demonstrating that ConA is not 
specific for either the inner or outer acrosomal membranes 
In figure 3 we show sperm viability for each marker, with and without ïonophore treatment The results 
demonstrate that lectin markers compromise sperm viability, as well as ïonophore treatment 
In interpreting the results we have made the assumption that spermatozoa not treated with ïonophore is 
not acrosome reacted (SAR) and that sperm treated with ïonophore is acrosome reacted (IAR, as 
previously reported, Carver-Ward et al, 1994) It is also assumed that the actual induction of the AR is 
the same whichever marker is used This is due to the fact that the same specimen (and same group) 
was subjected to the same treatment protocol prior to labelling, either with CD46 or with the lectins 
The data show that all markers, except for ConA, display significantly higher values after ìonophore-
ìnduced acrosome reaction (P<0 0001) This indicates that all of the markers, with the exception of 
ConA are detecting a positive ARIC score The difference between SAR and IAR observed in the 
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ConA group is not significant (Я>0 037) thus indicating that ConA is not suitable for use as an 
acrosóme reaction marker 
When we compare data between groups the following conclusions can be drawn if we compare CD46 
with PNA (fig 2a and fig 2c) we find that data for ARIC score and IAR are significantly higher in the 
CD46 group (P<0 0001), whereas the data for SAR are not significantly different between CD46 and 
PNA (/>=0 0452) This would indicate that only acrosome intact spermatozoa show similar labelling 
patterns for both CD46 and PNA However, if we examine the binding patterns after AR (IAR) we can 
see that both markers demonstrate an increase in labelling thereby indicating that PNA is, in fact, 
binding to an intracellular structure in a similar manner to which CD46 is binding If we compare these 
two groups (IAR) with respect to the acrosome reaction, then PNA gives significantly lower labelling 
than does CD46 (P<0 0001) 
When we compare the differences between CD46 and PSA (fig 2a and 2b) we see that both the SAR 
and ARIC scores are significantly different (P< 0 0001, P<0 0001), the data for IAR are not 
significantly different between CD46 and PSA (P=0 9778) This would indicate that only acrosome 
reacted spermatozoa show a similar binding pattern with PSA and CD46 The high SAR binding with 
PSA could indicate that PSA is not a specific marker for the inner acrosomal membrane of human 
spermatozoa, as the binding occurs before the AR is induced 
When we compare the differences between PNA and PSA (fig 2b and 2c) we see that all data groups 
are significantly different (Я<0 0001) This is to be expected as PNA recognizes ß-D-galactose and 
PSA recognizes o-D-mannose 
If we split the data into normal and abnormal specimens based on the spontaneous acrosome reaction 
(see above) and compare the v· results for each marker group, we find that only CD46 is capable of 
distinguishing between abnormal and normal spermatozoa ( Ж 0 0001), whereas, PSA, PNA, and 
ConA do not distinguish between normal and abnormal spontaneous acrosome reactions (P=0 2296, 
P=0 0843, P=0 8518 respectively) However, of the three lectins, only the PNA marker needs further 
examination in order to determine its true cut-off value with respect to abnormal specimens if it is the 
marker of choice in acrosome reaction testing for fertility screening 
In using propidium iodide to discriminate between live and dead spermatozoa we see that all of the 
lectins used have negative effects on sperm viability and that these effects are more pronounced after 
lonophore treatment (figure 3) The most damaging lectin would appear to be ConA, which gives 
significantly lower viability than CD46 both with and without lonophore (P<0 0001, P< 0 0001) 
Conversely, the least harmful marker would appear to be CD46, with PNA as a close second We 
cannot account for the negative effects of these markers by technical differences, as the same protocol 
was adhered to throughout The results are particularly alarming with respect to ConA and PSA We 
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can postulate that these markers (which both bind to α-D-marmose moieties) may block glycoproteins 
necessary for normal sperm function, thereby compromising sperm viability. We could also postulate 
that the binding of PN A and CD46 to the receptor may be beneficial to sperm viability. 
Figure 2a: Acrosome Reaction Data using CD46 Marker 
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IAR 
—•— 
ARIC 
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Specimen Number 
Figure 2b: Acrosome Reaction Data using PSA Marker 
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Specimen Number 
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Figure 2c: Acrosome Reaction Data using PNA Marker 
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Figure 2d: Acrosome Reaction Data using ConA Marker 
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Figure 3: Sperm Viability Measurement for Each Marker 
%Uve 
100 г 
CD46 PNA PSA ConA 
Marker Used 
For values SAR: CD46> PNA> PSA>ConA (P=0.0013, P<0.0001, P<0.0001) 
For values IAR: CD46> PNA > PSA> ConA (P< 0.0001, P<0.0001, P<0.0002) 
Values are means ± SEM 
Discussion 
A major problem in studying the acrosome reaction of human spermatozoa is that acrosomal loss cannot 
be observed directly. In most previous investigations spermatozoa were permeabilized prior to labelling 
with lectins in order to expose binding sites. The staining of intact spermatozoa in suspension differs 
essentially from that of air-dried specimens (Kallajoki et al, 1985). To distinguish the true acrosome 
reacted spermatozoa from membrane permeabilized, acrosome intact spermatozoa is very difficult, as 
both types may be labelled. Once the membranes have been permeabilized (by air drying, fixation, or 
detergent treatments) the opportunity to measure the true acrosome reaction, and to make the 
comparison of lectin labelling before and after the acrosome reaction, is lost. Thus, the preservation of 
membrane integrity is paramount in studies of the acrosome reaction of human spermatozoa. Many 
methods have been proposed in order to assess the sperm acrosomal status, but as yet no single method 
is widely accepted as an indicator of the true acrosome reaction for clinical purposes. 
Tao et al (1993a) compares flow cytometry and epifluorescence microscopy with various lectins and 
indicates that there is no significant difference between the two methodologies for detection of the 
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acrosome reaction (P>0 010) However, it has been argued that lectins do not bind specifically to the 
acrosomal region of the spermatozoa (Holden and Trounson, 1991, Purvis el al, 1990) and that other 
binding sites can be easily distinguished by epifluorescence microscopy, whereas flow cytometry 
identifies the signal from the entire spermatozoa Therefore, lectins with a high specificity for the 
acrosomal region are required in order to resolve different populations of spermatozoa Purvis et al 
(1990) found a single normal distribution, by flow cytometry, when labelling frozen spermatozoa, 
which exhibit a degree of loss of membrane integrity This is not in agreement with our data, which 
clearly shows the presence of a low, or unlabelled, population and a labelled population, as was also 
demonstrated in mice by Tao et al (1993a) One single normal distribution is not in agreement with the 
biology of the acrosome reaction, as not all sperm are able to acrosome react (Yanagimachi, 1988) 
Tao et al (1993a) also states that PN A is the most reliable acrosome reaction marker when compared to 
PSA, ConA and SBA Kallajoki et al (1985) further state that PN A represents intracellular rather than 
surface binding, and is therefore suitable as an acrosome reaction marker for unfixed and 
unpermeabilized spermatozoa This conflicts with the findings of Mortimer et al (1987 and 1989) who 
state that PNA binds specifically to the outer acrosomal membrane of detergent (Nonidet P40) 
permeabihzed spermatozoa by stating that the lectin must bind to an intracellular structure, probably to 
the outer acrosomal membrane We agree that PNA must bind to an internal structure, but argue that 
this is more likely to be the inner acrosomal membrane This is also supported by Kallajoki et al (1985) 
who state that for non-permeabihzed, non-fixed spermatozoa, the FITC-PNA indicates intracellular 
binding From a biological point of view, both the plasma membrane and outer acrosomal membranes 
fuse and vesiculate during the acrosome reaction, which would preclude binding to the outer acrosomal 
membrane on non-permeabihzed spermatozoa Also, it is questionable as to how one could 
permeabihze the plasma membrane without affecting the underlying outer acrosomal membrane 
Cross et al (1986) suggests the use of unfixed and unpermeabilized spermatozoa as formaldehyde and 
ethanol often produce intensely labelled acrosomal regions, and ethanol may solubilize some 
glycoproteins that are not lost during spontaneous lysis 
Our findings indicate that the only reliable lectin to use, without compromising sperm viability and 
membrane integrity, is PNA We have shown that this particular lectin binds in a similar manner to 
CD46 antibody ι e to the inner acrosomal membrane of acrosome reacted spermatozoa, and is specific 
for this membrane (due to the low level of binding seen on non-acrosome reacted spermatozoa) Thus, 
PNA is capable of differentiating the acrosome reacted spermatozoa from a given population Further 
research is necessary to redefine acceptable limits for scoring an acrosome reaction measured by PNA, 
since the ïonophore-induced acrosome reactions and the ARIC scores are essentially of a lower 
magnitude than those seen with CD46 It is possible that in taking CD46 antibody binding as the 'gold 
standard' that we are imparting an unfair bias to the data for comparison with the lectins However, in 
observing that only PNA gives a specific comparison between non-acrosome reacted and acrosome 
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reacted spermatozoa, the differences between the two markers are merely a matter of magnitude. In 
utilizing ΡΝΛ in the assay system, one would need to redefine the limits of acceptability as to the actual 
AR1C score for diagnostic purposes. Studies are in progress to elucidate the true nature of binding of 
the various lectins to sperm membranes by electron microscopy and image analysis. 
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3.3 Effects of pentoxifylline on the ionophore-induced acrosome 
reaction of human spermatozoa 
Adapted from 
Pentoxifylline potentiates ïonophore (A23187) mediated acrosome reaction in human 
spermatozoa flow cytometric analysis using CD46 antibody 
J A Carver-Ward, К A Jaroudi, M Einspenner, R S Parhar, 
S Τ Al-Sedairy and К V Sheth 
Human Reproduction 1994, 9 71-76 
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Abstract 
The aim of the study was to utilize our previously described flow cytometric assay to differentiate 
between the spontaneous and induced acrosome reactions of human spermatozoa treated with and 
without pentoxifylline The acrosome reaction was induced in vitro by using calcium ìonophore 
(A23187) and was detected by measuring the fluorescence of FITC-conjugated goat anti-mouse 
immunoglobulin bound to CD46 antibody (which binds to the inner acrosomal membrane of acrosome 
reacted spermatozoa) by flow cytometry A total of 20 specimens (80 replicates) were treated by 
incubation in culture media alone (control group) and culture media supplemented with pentoxifylline 
(test group) We found that pentoxifylline alone did not induce the acrosome reaction, but, after 
induction of the acrosome reaction with calcium ìonophore (A23187), pentoxifylline caused a 
significant rise in the lonophore-induced acrosome reaction (P=0 0003) We therefore conclude that 
pentoxifylline may be useful as a potentiator of the acrosome reaction rather than an actual inducer 
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Introduction 
In-vitro fertilization (IVF) and embryo transfer and gamete intrafallopian transfer are nowadays 
accepted treatment modalities for male infertility Pregnancy rates for these assisted reproductive 
techniques, however, remain suboptimal when compared to normozoospermic cases This difference is 
largely due to lower fertilization rates in the sperm dysfunction group (Toumaye et al, 1992) 
The problem of moderate and severe asthenozoospermia, especially with respect to clinical 
enhancement or prolongation of sperm motility in vitro and in vivo has long attracted interest 
(Schoenfeld et al, 1975, Barkay et al, 1984, Prins and Ross, 1985) A variety of techniques have been 
utilized to maintain motility long enough for spermatozoa to reach and breach the oocyte vestments 
These methodologies have ranged from the basic stripping of cumulus oophorus and corona radiata 
cells from the oocyte (both mechanically and enzymatically) to more advanced techniques of the 
addition of various motility stimulants to the culture media (Aitken et al, 1983, Soldati et al, 1989, 
Huszar et al, 1990, Tesank et al, 1990) The most recent potential is seen with the phosphodiesterase 
inhibitor pentoxifylline (marketed by Hoechst as 'Trental') used successfully in vivo to treat cases of 
asthenozoospermia (Aparicio et al, 1979), and was later found to measurably increase the motile 
fraction of spermatozoa in vitro (Yovich et al, 1988, 1990, Hammitt et al, 1989) This may possibly be 
due to the reactivation of cyclic AMP and also to protection from the harmful effects of reactive oxygen 
species generated by dead and dying spermatozoa within the culture environment (Aitken et al, 1989) 
In several cases, pentoxifylline gave an increased fertilization rate when used in IVF procedures with 
cases of asthenozoospermia (Tesank et al, 1992) 
In the study described here we determine whether pentoxifylline demonstrates any effect on the 
spontaneous and ìonophore-induced acrosome reaction as measured by flow cytometric analysis of 
CD46 antibody binding to the inner acrosomal membrane of acrosome reacted spermatozoa 
Materials and Methods 
Reagents and Stock Solutions 
Calcium ìonophore (A23187) was obtained from Sigma Chemical Co , Sr Louis, MO, USA A stock 
solution of 5 mM in dimethylsulphoxide (DMSO, Sigma) was stored at -40°C m 0 2 ml ahquots A 
working stock solution was obtained by diluting 1 10 (v/v) in unsupplemented human tubal fluid media 
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(HTF, Quinn et al, 1985) and equilibrated at 37°C in 5% CO2 in air for 3 hours prior to use, 10 μΐ was 
added to each 500 μΐ of prepared spermatozoal suspension, to give a final concentration of 10 μΜ 
(Cummins et al, 1991) 
Percoli (Sigma) gradients were made using a protocol adapted from Dravland and Mortimer (1985) 
using HTF-BSA as the diluent (BSA bovine serum albumin fraction V, low endotoxin, Irvine 
Scientific, Santa Ana, CA, USA) Gradients of 95% and 47 5% were made and equilibrated at 37°C in 
5 % CO2 in air for a minimum of 2 hours prior to use 
Anti-human CD46 monoclonal antibody (AMAC Ine , Westbrook ME, USA) was made up as a stock 
solution of 10 μg/ml in PBS (phosphate buffered saline, Sigma) A stock solution of fluorescein-
conjugated goat anti-mouse Ig (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) of 
50 μβ/πτί, and a stock solution of ethidium bromide (Sigma), also of 50 μg/ml were both made up in 
PBS 
Pentoxifylline (Sigma) was made up as a 2 mg/ml stock solution HTF-BSA and stored for a maximum 
of 3 days at 37°C under 5% CO2 in air during use (Yovich et al, 1988) 
Sperm Preparation 
Semen specimens (N=20) were obtained from the andrology section of the IVF clinic All specimens 
were obtained by masturbation into sterile containers after 72 hours of sexual abstinence All specimens 
were processed within 1 hour of collection and after liquefaction at room temperature for 30 minutes 
Semen analysis was carried out using the Makler chamber (Sefi Medical Instruments, Haifa, Israel) 
Specimens exhibiting < 5 million motile spermatozoa per ml were excluded from the study The motile 
sperm fraction was separated by use of Percoli density gradient 
centnfugation as previously described (Carver-Ward et al, 1994) Final pellets were diluted with HTF-
BSA to a final concentration of between 50 and 60 million motile spermatozoa/ml 
Incubation with Pentoxifylline 
Two 0 5 ml aliquots were taken from each sperm suspension To the first of each pair was added 0 5 
ml pentoxifylline (+PTX) stock solution to give a final concentration of 1 mg/ml, to the second of each 
pair was added 0 5 ml HTF-BSA (-PTX) Tubes were loosely capped and incubated at 37°C under 5% 
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CC>2 m air for 30 minutes After completion of incubation, volumes were made up to 6 0 ml with HTF-
BSA and the tubes centnfuged at 300 g for 10 minutes Supematants were discarded and the final 
pellets made up to 1 0 ml with HTF BSA 
Induction of the Acrosome Reaction with lonophore (A23187) 
Each prepared sperm suspension (with and without PTX) was split into two 0 5 ml ahquots, labelled A 
and В The aliquot labelled A received 10 μΐ HTF-BSA in order to determine the spontaneous acrosome 
reaction (SAR), the aliquot labelled В received 10 μΐ A23187 working stock in order to determine the 
ïonophore-induced acrosome reaction (IAR), giving a final concentration of 10 μΜ A23187 Tubes 
were loosely capped and incubated at 37°C in 5% CO2 in air for 45 minutes After incubation, volumes 
were made up to 6 0 ml with HTF-BSA and centnfuged at 300 g for 10 minutes The supematants were 
discarded and the pellets made up to 0 5 ml with HTF-BSA and transponed to the flow cytometry 
laboratory for further processing 
Procedural Notes 
Initial experimentation, prior to setting up the assay, defined the experimental parameters for the system 
outlined above For example, the dilution of A23187 and the incubation time of 45 minutes was derived 
by testing series of specimens at different incubation times and concentrations The definitive assay 
gave the most reproducible acrosomal induction with the least sperm damage 1 e least loss of motility, 
and is in agreement with the methodology of Cummins et al, 1991 
Further, initial experiments were carried out using control tubes containing the diluent, DMSO, at the 
concentration added with the A23187 The final concentration was calculated to be less than 0 5% and 
demonstrated no effect on sperm viability, motility, morphology, or the acrosome reaction, as 
compared to untreated (culture media only) controls, after testing on 150 routine semen specimens 
(Carver-Ward et al, in press) 
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Flow Cytometry 
The sperm suspensions were made up to 2 0 ml with PBS and centrifuged at 500 g for 5 minutes The 
pellets were resuspended in 20 μΙ of reconstituted anti human CD46 monoclonal antibody to give a final 
concentration of 10 μg/ml, and mixed by light vortexing Tubes were incubated at room temperature 
for 30 minutes followed by centnfugation with 2 0 ml of PBS The supematants were discarded and 4 μ 
1 of FITC-conjugated goat anti-mouse Ig was added to each pellet and mixed by light vortexing 
Suspensions were incubated for 30 minutes at room temperature in the dark, followed by two washes in 
PBS (as above) The final pellets were resuspended in 1 0 ml of PBS and then analyzed on the 
FACScan flow cytometer (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) 
Immediately before analysis, 20 μΙ ethidium bromide at a concentration of 50 μg/ml was added to give 
a final concentration of 1 μg/ml 
Data were collected in list mode on 5000 cells using the FACScan Research Software and stored on 
disk for subsequent analysis The parameters for collection were forward scatter, side scatter, green 
fluorescence, and red fluorescence Data were later analyzed using the same software A gate was set 
to exclude cells that fluoresced red (ethidium bromide positive) - these cells had permitted influx of the 
label and were concluded to be dead After setting the 'live' gate, the number of cells, above 
background, that fluoresced green (CD46 positive) were counted and expressed as a percentage of the 
'live' population It should be noted that the majority of the dead cells (>90%) were CD46 positive, 
thereby expressing a 'false' acrosome reaction 
To confirm the presence of CD46 binding and fluorescence, several of the suspensions were examined 
by fluorescence microscopy (data not shown) 
Data were analyzed using Statgraphics statistical software (Statistical Graphics Corp , Rockville, MD, 
USA), utilizing the unpaired Student's t-test 
Results 
Results from the 20 specimens/80 replicates were as follows (all values are ± SEM) 
For -PTX SAR (spontaneous acrosome reaction) was 4 5% ± 0 9, 
-PTX IAR (lonophore-induced acrosome reaction) was 23 0% ± 3 0 
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This gave an ARIC score (acrosome response to ionophore-challenge i.e. IAR - SAR) of 18.5. The 
IAR value was significantly higher than the SAR value (P<0.01) as shown in Figure 1. 
For +PTX: SAR was 4.5 ± 0.7. 
+PTX: IAR was 32.3 ± 2.9. 
This gave an ARIC score of 27.8. 
The IAR value was significantly higher than the SAR value (P<0.01) as shown in Figure 1. 
The ARIC score in the +PTX group was significantly higher than that in the -PTX group (Я=0.0002). 
The SAR's of the -PTX and +PTX groups were not significantly different (P>0.05). 
Figure 1: Spontaneous (SAR) and lonophore-induced (IAR) Acrosome Reactions after Treatment with 
or without Pentoxifylline, as measured by Flow Cytometry. 
40 π , 
AR% 
30 -· [ЩМШМЩ 
20 
10 
-Pix»« -Pix*« чРіхаад <РІХЖ 
Values are means ± SEM. N = 20. 
SAR = spontaneous acrosome reaction IAR = ionophore-induced acrosome reaction 
-PTX = No PTX treatment +PTX = With PTX treatment 
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Discussion 
In the scudy we examined the effects of pentoxifylline on the human sperm acrosome reaction - both 
spontaneous and îonophore-induced We determined that pentoxifylline, by itself, does not induce the 
acrosome reaction, however, after induction of the acrosome reaction with calcium îonophore 
(A23187), pentoxifylline-treated spermatozoa had significantly more reactions than the untreated 
controls Thus, for cases of failure of IVF due to low or reduced rates of acrosome reaction, pre-
treatment of the spermatozoa by pentoxifylline may increase the potential of spermatozoa to undergo a 
physiological acrosome reaction upon contact with the zona pellucida of mature oocytes We know that 
pentoxifylline has beneficial effects on sperm motility (Aparicio et al, 1979, Yovich et al, 1988, 1990) 
and also regards the influence on the acrosome reaction (Yovich el al, 1990) However, use of this 
agent is at present limited to the least invasive IVF procedures rather than the more advanced technique 
of ICSI Palermo et al, (1992) demonstrated that induction of the acrosome reaction was useful for 
SUZI procedures, utilizing follicular fluid and/or electroporation, but the impact of the presence (or 
absence) of the acrosomal matrix after ICSI remains to be elucidated Further, the use of some inducers 
ι e the ìonophores, is controversial and no genetic studies have as yet been carried out on zygotes 
produced from such invasive procedures (Lassalle and Testart, 1988, Tesarik and Sousa, 1995) In 
conclusion therefore we state that there may be a role for pentoxifylline in the treatment of failed 
fertilization in IVF, but the application with regards to the more advanced techniques needs to be 
carefully investigated 
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Abstract 
The purpose of the study was to investigate the effects of follicular fluid on the spontaneous and 
ìonophore-induced acrosome reaction of human spermatozoa Follicular fluid (N=8) was obtained from 
patients undergoing IVF procedures for tubal (N=4) and unexplained (N=4) infertility Eight normal 
semen specimens were incubated with 100% and 50% (v/v) follicular fluid for 4 and 24 hours Pooled 
follicular fluid from both groups was heat-inactivated or charcoal-stripped Spontaneous and ïonophore-
induced acrosome reactions were assessed by flow cytometry After 24 hours of incubation with 
untreated and heat-inactivated follicular fluid there was a significant rise in the spontaneous acrosome 
reaction (P<0001) Charcoal-stripped fluid demonstrated no enhancement of the spontaneous 
acrosome reaction After 4 hours of incubation there was a lower induced acrosome reaction which was 
reversed by the use of charcoal-stripped fluid (P<0 01) 
We therefore conclude that extended incubation of spermatozoa with follicular fluid is necessary for 
acrosome reaction induction Short incubation may be detrimental to the normal acrosomal response 
Follicular fluid from unexplained infertility patients gives a lower induced acrosome reaction in normal 
spermatozoa 
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Introduction 
During their passage through the female reproductive tract, human spermatozoa undergo several vital 
physiological and biochemical changes, further they undergo these changes due to exposure to the 
environment of the genital tract and also to their separation from the seminal plasma (Wassarman 
1987a, 1988) Several reports have attempted to duplicate these in vivo occurrences in an in vitro 
system ie the exposure of spermatozoa to uterine, tubal, and peritoneal fluids (Revelli et al, 1992, Zhu 
et al, 1994) The majority of studies have been concerned with follicular fluid (Gearon et al, 1994, 
Tesarik, 1985) Further, there have been many reports regarding the precise nature of this fluid, and 
the varying effects which it may have on human sperm parameters as well as fertilization (Leese and 
Leeton, 1990, Artini et al, 1994, Yie et al, 1995, Saaranen et al, 1993) It has been postulated that 
follicular fluid is capable of inducing the acrosóme reaction (the terminal event of capacitation) in 
human spermatozoa (Yudm et al, 1988, Stock et al, 1989, Calvo et al, 1989) ,and on sperm motility 
parameters (Mendoza and Tesarik, 1990, Siegel et al, 1990, Calvo et al, 1993), however, the precise 
nature of the actual inducer has not been clearly defined (Fetterolf et al, 1994, Eriksen et al, 1994, 
Suarez et al, 1986, Blackmore et al, 1990) Further, reports regarding the hormonal content of 
follicular fluid have shown conflicting data regarding the acrosome reaction inducing activity both 17ß-
estradiol (Hernandez-Perez et al, 1979, Chan et al, 1983, Carson et al, 1982) and progesterone 
(Saaranen et al, 1993, Blackmore et al, 1990) have been implicated in the modulation of the acrosomal 
response, whilst conversely, others have been able to demonstrate little or no effect (Uhler et al, 1992, 
Carver-Ward et al, 1996) Further, Mortimer and Camenzind (1989) were unable to detect any effect 
of follicular fluid on the acrosome reaction, where the fluid was heat inactivated prior to use Other 
reports have examined the effects of various fractions of follicular fluid, isolating various proteins 
which may affect the acrosome reaction (Fetterolf et al, 1994, Suarez et al, 1986) However, studies of 
heat inactivated or charcoal-stripped follicular fluid are inconclusive (Revelli et al, 1994) 
The most widely used and accepted assay systems utilized to detect the acrosome reaction in vitro are 
based upon the same general formula - namely, the induction of the reaction with calcium ìonophore 
(A23187), binding of a fluorescent-conjugated marker to the outer or inner acrosomal membrane, or 
the acrosomal matrix, and detection of loss or gain of fluorescence as a measure of the reaction 
(Cummins et al, 1991, Holden and Trounson, 1991, Liu and Baker, 1988, Russell et al, 1979) These 
methods are quite time-consuming and subjective and there is much variation between assay systems, 
especially with regards to sperm capacitation times, ìonophore dilution, fluorescent labelling techniques 
(ie several different lectin-conjugates are presently in use), permeabihzation of spermatozoa prior to 
labelling, and the use of live/dead discrimination stains etc (Tao et al, 1993) Previously we have 
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reported a method of assessing the acrosome reaction by flow cytometry (Carver-Ward et al, 1994) 
The method is based upon the observation that CD46 antibody binds selectively to the inner acrosomal 
membrane and equatorial segment of acrosome reacted spermatozoa The method has recently been 
applied to patients undergoing IVF cycles in order to predict the possibility of fertilization (Carver-
Ward et al, in press) and also as a screening tool for directing patients into either IVF or more invasive 
techniques, such as ICSI, depending upon their success in this assay 
Here we report our findings regarding the effects of follicular fluid (untreated, heat-inactivated, and 
charcoal-stripped), and its relative hormonal content, on the spontaneous and induced acrosome 
reaction Also discussed are the implications of utilizing homologous follicular fluid in sperm 
capaci tation protocols as some IVF centres are using this methodology prior to IVF, SUZI and ICSI 
(Siegel et al, 1990, Palermo et al, 1992, Fakih and Vijayakumar, 1990, Giorgetti et al, 1992) 
Materials & Methods 
Reagents and stock solutions 
Calcium ìonophore (A23187) was obtained from Sigma Chemical Co , St Louis, MO, USA A stock 
solution of 5 mM was made up in dimethylsulphoxide (DMSO, Sigma) and stored at -40°C in 0 25 ml 
aliquote A working stock was made up by diluting 1 10 m unsupplemented human tubal fluid media 
(HTFXQumn et al, 1985) and equilibrated at 37°C in 5% CO2 in air for 3 hours before use The same 
batch of A23187 was used throughout the series of experiments 10 μΐ of the working stock was added 
to each 500 μΙ of sperm suspension, giving a final concentration of 10 μΜ (Carver-Ward et al, 1994) 
Percoli (Sigma) gradients were used to separate motile spermatozoa from seminal plasma (Carver-Ward 
et al, 1994) using HTF-BSA as the diluent (BSA low endotoxin, 0 3%, Irvine Scientific, Santa Ana, 
CA, USA) 
Anti-human CD46 monoclonal antibody (lmmunotech , Westbrook, ME, USA) was made up as a stock 
solution of 10 μg/ml in PBS (Sigma) A stock solution of fluorescein-conjugated goat anti-mouse Ig 
(Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) of 50 μ§/πι1, and a stock solution 
of ethidmm bromide (Sigma), also of 50 μg/ml, were both made up in PBS 
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Follicular Fluid Preparation 
Pre-ovulatory follicular fluid was obtained from patients undergoing IVF treatment in the clinic 
Ovarian stimulation protocols were as previously described (Jaroudi et al, 1993) Initial follicular 
aspiration commenced with the dominant follicle, no heparimzed flushing media was used for the initial 
aspiration Only fluids with minimal or no blood contamination were selected for use in this study 
After collection, samples were immediately centnfuged at 1500 g to remove granulosa cells One third 
of each supernatant fluid was heated at 56°C for 30 minutes to deactivate complement One third of 
each sample was pooled with respect to infertility factor and treated with dextran-coated charcoal 
(Morales et al, 1992) All supematants plus the pooled samples were then filtered through a 0 22 μπι 
filter, divided into 0.5 ml aliquots and frozen at -40°C until required A total of eight specimens were 
obtained over a period of one week Patient data summary is outlined m Table I Only patients with 
tubal factor (Tubal), or unexplained infertility (Unxp) were deemed suitable for use in this study in 
order to eliminate failed fertilization due to an obvious male factor contribution 
Sperm Preparation 
Specimen allocation and treatment protocols are shown in the flow chart in figure I Eight semen 
specimens from normal fertile patients were collected after 48-72 hours sexual abstinence and were 
analyzed by a CASA system (CellSoft 2000) as previously described (Jaroudi et al, 1994) Sperm 
morphological analysis by strict criteria was performed according to Kruger et al (1986) Criteria for 
inclusion in the study comprised a count of >50 million/ml, >50% progressive motility, >30% 
normal forms, ARIC score (acrosome response to ìonophore challenge) of > 10 (Carver-Ward et al, in 
press) on at least one previous occasion 
Motile spermatozoa were separated from liquefied semen by Percoli buoyant density gradient 
centrifugation, as previously described (Carver-Ward et al, 1994) Resulting pellets were resuspended 
up to 5 ml with HTF-BSA and centnfuged at 300 g to remove residual Percoli The final pellet was 
resuspended up to 1 0 ml with HTF-BSA and a post-Percoll semen analysis carried out as described 
above The sperm suspension was diluted to between 50 and 60 million/ml motile spermatozoa 
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Hormone Analysis 
This was carried out on all of the follicular fluid specimens using the Amerhte-Kodak enhanced 
luminescence assays for progesterone, 17ß-estradiol, LH, and FSH (Kodak Clinical Diagnostics Ltd , 
Amersham UK) 
Samples were analyzed in triplicate using pooled charcoal-stripped male serum as the diluent The 
choice of diluent was due to the fact that the diluent provided in the kit was insufficient for the total 
number of dilution s and replicates required A preliminary study (data not shown) assessed several 
different buffers, serum substitutes, and normal male serum for interference and cross-reactivity within 
each assay, optimal dilution's for 17ß-estradiol and progesterone assays were found to be at a 1 1000 
dilution LH and FSH assays were run on undiluted samples The intra-assay coefficients of variation 
were 6 3% for 17ß-estradiol, 5 1% for progesterone, 7 2% for LH and 5 9% for FSH The hormonal 
levels and patient summaries are presented in Table I 
Incubation with follicular fluid 
Each sperm suspension was treated according to the flow chart m figure 1 Briefly, spermatozoa were 
preincubated at 37cC/5% CO2 in HTF-BSA for 3 hours prior to treatment Samples were split into 
three χ 2 0 ml aliquots and follicular fluid or HTF-BSA to give 100%, 50% and 0% concentrations 
(v/v) Tubes were incubated for 4 hours after each tube was divided into two 1 0 ml aliquote - the 
second set of aliquots being incubated for a further 20 hours The first set of aliquots were again 
divided, into two 0 5 ml aliquots, the first set receiving 10 μΐ HTF-BSA, the second set receiving 10 μΐ 
A23187 Tubes were mixed well and incubated for 45 minutes After completion of incubation, tubes 
which did not receive A23187 were analyzed for sperm motility parameters and morphology 
Suspensions were made up to 5 ml with HTF-BSA and centrifuged at 300 g for 10 minutes 
Supematants were discarded and the pellets made up to 0 5 ml with HTF-BSA Tubes were then 
transported to the Flow Cytometry laboratory for further processing 
After a further 20 hours, the remaining suspensions were divided and treated identically to the 4 hour 
protocol described above Further, assays were duplicated using the heat-inactivated portions of 
follicular fluid A further assay of the two grouped, pooled follicular fluid specimens which had been 
charcoal-stripped was also performed in order to examine whether any effects could be attributed to 
hormonal content of follicular fluid 
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NB: It should be noted that no diluent controls were utilized in this study (DMSO as diluent for the 
calcium ionophore). Preliminary studies (unpublished observations) indicated that the final dilution of 
DMSO to be present in the sperm incubation sample was approximately 0.5% and demonstrated no 
effect on sperm viability, motility, morphology, or the acrosome reaction, as compared to untreated 
(culture media only) controls, after testing on 150 routine semen specimens. 
Fig. 1. Flow chart to show the allocation of specimen treatments. 
Semen Specimen +- CASA & 
f Morphology 
Percoli Preparation 
Τ 
Wash and resuspend to 50 million/ml 
Τ 
Incubate for 1 hour 
Τ 
Resuspend to 6.0 ml and divide into 3 χ 2.0ml aliquots 
Add FF and incubate for 4 hours. 
Take 1.0 ml of each and incubate for a further 20 hours 
After completion of incubation times, split each into 0.5ml aliquots 
Add ionophore to one of each pair. 
A C E 
Control (0% FF) 50% FF(v/v) 100% FF(Wv) 
' b * с > * > * 
+ + + 
A24 C24 E24 
- + + + 
Incubate 45 minutes, wash, perform CASA and Morphology 
Take for Flow Cytometry 
a 
calcium ionophore (A23187) 
without ionophore 
with ionophore 
The assay was repeated for both untreated and heat-inactivated follicular fluid, using the same protocol. 
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Table I: Patient Data For Individual Follicular Fluids 
FF# 
Patienl 
No 
1 
2 
3 
4 
Factor 
Tubal 
Tubal 
Tubal 
Tubal 
% oocytes 
fert 
71% 
83% 
83% 
100% 
Serum 
E 2 (pM) 
11686 
4200 
6095 
6417 
FF 
(pM) 
1497000 
940000 
583000 
1929000 
FF 
Ρ 
(pM) 
15500000 
12500000 
14100000 
14600000 
FF 
LH 
(mlU/ml) 
3 3 
2 1 
2 2 
2 3 
FF 
FSH 
(mlU/ml) 
4 2 
5 8 
4 8 
10 9 
Mean 7100 1237250 14165000 2 50 6 40 
SEM 1390 257681 544719 0 24 133 
+ CSFF < 160 < 160 1 12 2 35 
5 
6 
7 
8 
Unxp 
Unxp 
Unxp 
Unxp 
0% 
0% 
22% 
0% 
5966 
5106 
5020 
13997 
1822000 
2215000 
1006000 
940000 
11800000 
30000000 
19000000 
15000000 
2 4 
2 4 
2 5 
2 7 
4 9 
15 6 
2 5 
5 1 
Mean 7522 1495750 18950000 2 50 7 03 
SEM 1878 270702 3435386 0 06 2 60 
+ CSFF 160 < 160 1 03 2 64 
CSFF = charcoal-stripped FF (pooled) 
E2 = 17ß-estradiol Ρ = progesterone 
Flow Cytometry 
This was performed as previously described (Carver-Ward et al, 1994) Briefly, suspensions were 
washed in PBS and pellets were resuspended in anti-human CD46 monoclonal antibody Tubes were 
incubated at room temperature for 30 minutes and washed again in PBS FITC-conjugated goat anti-
mouse Ig was added and the pellets incubated for a further 30 minutes at room temperature in the dark, 
followed by two further washes in PBS Final suspensions were analyzed on a FACScan flow cytometer 
107 
(Becton Dickinson) Immediately prior to analysis, ethidium bromide was added to give the supravital 
staining analysis 
Data were collected for a minimum of 5000 cells in each specimen A gate was set to exclude cells 
which fluoresced red (ethidium bromide positive) - these were the dead cells in the population After 
setting the 'live' gate above these cells, the number of cells, above background, that fluoresced green 
(CD46 positive) were counted and expressed as a percentage of the live population 
Data were analyzed using LYSYS II Research Software and stored on disk for subsequent statistical 
analysis 
Statistical Analysis 
Data was collected for each parameter - sperm percent motility (Mot%), curvilinear velocity (Vcl, μ 
m/second), linearity (Lin), maximum amplitude of lateral head displacement (ALHMx, μπι), mean 
amplitude of lateral head displacement (ALHMn, μπι), beat cross frequency (BCF, Hz), morphological 
normality (% normal), vitality (% live), spontaneous acrosome reaction (SAR), ïonophore-induced 
acrosome reaction (IAR), and ARIC score (the difference between IAR and SAR) Data was analyzed 
by repeated measures analysis using the SAS statistical package For the model, the fixed effects were 
time of exposure to follicular fluid (4 hr and 24 hr ) and dose ie concentration of follicular fluid used 
(0%, 50%, and 100%) Two other effects due to number of follicular fluid and number of semen 
sample (eight of each) were regarded as random effects 
The model was constructed as follows 
Y i jkl = u + Pi + <t>j + *k + δ1 + ( т 8 )к1 + (<t>T)jk + (4>8)jl + (<t>T5)jkl 
+ (РФ)ц + (PT)ik + (Ρδ)ι1 + ( P ^ ) i k l + (p<H),jk + (Ρφδ)„1 
+ (Рф^5)
и
ісі + s ( l j k l ) 
where - μ = the overall mean φ = follicular fluid ρ = semen sample τ = time 
δ = dose (concentration) ι = sample number (1,2, 8) j = follicular fluid (1,2, 16) 
к = time (1,2) 1 = dose (1,2,3) 
Also, contrast effects were examined for each of the patient groups, for each follicular fluid and its 
treatment (untreated, heat-inactivated and charcoal-stripped) 
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Table H: Mean Data for Follicular Fluid Treatment Protocols 
Parameter 
%Motility 
Velocity-Vcl 
(μηι/sec) 
Linearity (%) 
ALHMax (μπι) 
ALHMean (цт) 
BCF (Hz) 
% Normal 
%Live 
%SAR 
%IAR 
ARIC SCORE 
(IAR-SAR) % 
Control (0%FF) 
4 hr 24 hr 
83 64 
(3.5) (2.8) 
80 76 
(2.1) (4.7) 
69 65 
(2.2) (3.1) 
4.3 3.6 
(0.1) (0.2) 
2.7 3.0 
(0.1) (0.2) 
15.6 15.6 
(1.5) (1.2) 
68 65 
(2.3) (1.8) 
84 69 
(3.2) (4.1) 
2.6 6.1 
(1.6) (2.3) 
35.2 42.5 
(3.6) (4.2) 
32.6 36.4 
(4.4) (6.5) 
FF* (UNT)1 
4hr 24 hr 
86 68 
(2.3) (4.1) 
76 65 
(1.9) (3.6) 
81 55 
(1.1) (2.0) 
3.1 4.0 
(0.2) (0.3) 
2.4 3.3 
(0.2) (0.3) 
18.2 18.8 
(2.3) (1.1) 
66 66 
(3.1) (4.2) 
83 56 
(3.7) (2.4) 
2.4 15.2 
(1.1) (1.2) 
18.6 53.4 
(3.1) (3.4) 
16.2 38 2 
(3.6) (4.7) 
FF (HI)¿ 
4hr 24 hr 
85 61 
(3.6) (3.1) 
85 73 
(3.3) (4.1) 
79 58 
(2.0) (1.1) 
3.3 3 8 
(0.1) (0.2) 
2.4 3.5 
(0.2) (0.3) 
19.6 17.9 
(1.3) (0.9) 
62 61 
(2.9) (3.1) 
79 62 
(3.1) (2.2) 
2.1 17.2 
(1.5) (1.1) 
15.4 51.1 
(3.1) (4.4) 
13.3 33.9 
(2.8)(3.3) 
FF (CS)J 
4hr 24 hr 
90 55 
(4.7) (3.2) 
81 79 
(2.2) (3.5) 
65 72 
(3.1) (2.2) 
4.5 3.1 
(0.4) (0.2) 
3.1 2.7 
(0.2) (0.1) 
15.9 16.7 
(2.2) (1.4) 
72 65 
(1.7) (1.8) 
81 65 
(1.4) (1.6) 
2.1 5.3 
(1.3) (1.2) 
38.3 46.5 
(4.5) (4.9) 
36.2 41.2 
(3.1) (2.8) 
All follicular fluids were at 100% (v/v) concentration. 
Untreated FF ' Heat-inactivated FF 
Values in brackets are +SEM. 
Charcoal-stripped FF 
Figure 2: Effects of Untreated Follicular Fluid on the Acrosome Reaction. 
% Acrosome Reaction 
• 0% FF 
• 50% FF 
El 100% FF 
SAR:4 hrs IAR4 hrs SAR24 hrs IAR:24 hrs 
Results are expressed as means ±SEM (n = 16) 
SAR = spontaneous acrosome reaction IAR = ionophore-induced acrosome reaction 
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Figure 3: Effects of Untreated Follicular Fluid on the AMC Score. 
ARIC Score (%) 
50 
4 hrs 24hrs 
• 0% FF 
• 50% FF 
0100% FF 
Results are expressed as means +SEM (n = 16) 
ARIC Score = acrosomal response to ionophore challenge; IAR-SAR. 
Figure 4: Contrast Effects for Acrosome Reaction between FF Groups 
ARIC Score (%) 
50 0% FF 
50% FF 
D 100% FF 
Grp14hrs Grp2 4hrs Grp 124 hrs Grp2 24hrs 
Results are expressed as means ±SEM (n = 8) 
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Results 
For Individual Untreated Follicular Fluids 
There were no significant differences between %Mot, Lin, ALHMx, ALHMn, BCF, %Normal, and 
%Live (P>0 05) %Mot, Vcl, and %Live were significantly lower after 24 hours of incubation for all 
groups and treatments, (P=0 003) however, this was a time-dependent rather than a follicular fluid 
effect There was no significant difference between sperm samples with respect to motility parameters 
or acrosome reaction (P>0 05) Incubation with FF for 4 hours demonstrated no spontaneous induction 
of the AR, (P=0 06) whereas incubation for 24 hours caused a significant increase in the SAR 
(P=0 002), but this difference was not significant with respect to FF concentration (50% or 100% v/v) 
(figure 2) Incubation with FF followed by îonophore induction of the AR showed a significant 
reduction after 4 hours in FF, (P<0 01) However, this effect was reversed after 24 hours of 
incubation in FF (P>0 05) (figure 2) 
Effects on the computed ARIC scores were not significantly different after 24 hr preincubation in FF 
(P<0 05) However, 4 hours of preincubation in FF markedly reduced the AR]C score, thus 
mimicking the effect seen for the spontaneous acrosomal response (figure 3) 
Contrast between FF groups (tubal factor and unexplained infertility) are shown in figure 4 There 
were no significant differences between any of the sperm parameters except for the computed ARIC 
score at 4 hours only (P=0 0015) 
For Individual Heat-inactivated Follicular Fluids 
Observations were not significantly different from those observed in the untreated FF group (P>0 05), 
even when contrasting tubal and unexplained factors the same inhibition was observed with the 
unexplained infertility group data (P>0 05) 
For Pooled Charcoal-Stnpped Follicular Fluid 
Hormonal analyses are shown m table I 
Both progesterone and 17ß-estradiol demonstrated undetectable levels in the stripped FF (P=0 000025 
and P=0 000017 respectively) LH and FSH however, gave comparable values to those in unstnpped 
FF (P=0 25) After 4 hours of incubation with the stripped FF, the SAR was not significantly different 
from the mean of the control group (no FF) (P=0 387) However, it was significantly higher than the 
untreated and heat-inactivated responses (P=0 00038) After 24 hours incubation, the SAR, IAR and 
ARIC scores were not significantly different from either the control group or the untreated and heat-
inactivated groups Group data is summarized in Table II 
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Discussion 
It is not clear from the literature why follicular fluid should have an effect on the sperm acrosome 
reaction (Zhu et al, 1994, Stock et al, 1989; Suchanek et al, 1994; Kuhn et al, 1994). Firstly, the 
quantity of follicular fluid which could come into contact with spermatozoa is quite probably minimal 
during the oocytes' passage through the fallopian tube (Zhu et al, 1994, Mortimer and Camenzind, 
1989) Further, it is known that acrosome reacted spermatozoa are incapable of binding to and fusing 
with the zona pellucida of a mature oocyte (Wassarman, 1987b) Thus, it would be counterproductive 
for an actual 
acrosome reaction inducer to be present in either the uterine or tubal environment of the spermatozoa 
prior to gamete interaction. 
It may be argued that the high steroid content of follicular fluid from patients undergoing ovarian 
stimulation for IVF is not comparable to the levels from natural cycles (Hill et al, 1987). However, it 
would appear that the hormonal levels, per follicle, are similar whether follicular stimulation (and 
which course of stimulation) is used or not (Palermo et al, 1992; Andersen et al, 1993; Archer et al, 
1986; Bomsel-Helmreich et al, 1987; Hull et al, 1986), the major differences being in the actual 
number of follicles recruited and in the oocyte quality. One may draw comparisons between the high 
success rates of superovulation-intrautenne insemination regimes with IVF and GIFT results, and 
indeed, with natural conception cycles (Asch et al, 1986, 1988). 
From our data we can see that follicular fluid, irrespective of tubal or unexplained infertility, does 
induce the spontaneous acrosome reaction - however, this effect only occurs after prolonged incubation 
in follicular fluid, in agreement with Stock (Stock et al, 1989); further, incubation of spermatozoa for 4 
hours with follicular fluid shows no effect on the spontaneous AR. However, after induction of the AR 
with lonophore, 4 hours incubation time shows a significant (P value) decrease when follicular fluid 
(50% or 100% v/v) is included; this effect is reversed after 24 hours of incubation in follicular fluid 
prior to induction of the AR. We cannot explain this anomaly by examining sperm morphology or 
vitality as both of these parameters show no significant difference over concentration of follicular fluid. 
It is worth noting that similar effects are observed when the computed ARIC scores are examined. 
Further, we observed no differences in these observations when we compared the use of heat-
ìnactivated follicular fluid, thereby leading us to conclude that the actual stimulant is not a heat-labile 
substance. Interestingly, examining the data with respect to infertility factor showed a significant 
difference in follicular fluid activity (with respect to ARIC score) between the two groups (tubal factor 
and unexplained infertility): initially we anticipated that the follicular fluid of the unexplained infertility 
patients could possibly differ in activity, which could be a consideration as to the cause of infertility and 
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this may appear to be the case. This could have serious implications where homologous follicular fluid 
is utilized for sperm capacitation in IVF programs (Palermo et al, 1992; Fakih and Vijayakumar, 1990; 
Giorgetti et al, 1992) i.e. utilizing fluid from cases of unexplained infertility could in fact be 
detrimental to the spermatozoa rather than beneficial. Further, the spermatozoa of the partners in the 
unexplained infertility cases demonstrated a subnormal acrosome reaction at the time of the IVF 
procedure (ARIC Score < 10, Carver-Ward et al, in press), which would account for a 'hidden' male 
factor in those cases. Further, the fact that no difference was observed between heat-inactivated and 
untreated follicular fluids raises a further question as to the role of complement in fertilization ie. one 
could anticipate that 'raw' follicular fluid could possibly be detrimental to spermatozoa due to the 
presence of complement, thus causing lysis and/or immobilization of the sperm cells in some cases 
(Mortimer and Camenzind, 1989). Further, it was interesting to observe loss of the FF acrosome 
reaction inducing ability after the fluid was stripped of steroids. This is in agreement with Morales et al 
(1992) and would certainly indicate that the actual inducer (and, indeed, inhibitor at the short incubation 
times) exhibits some hormonal activity or may even act as an agonist in the presence of other hormones 
in the follicular/tubal environment. Previous work (Carver-Ward et al, 1996) would indicate that this 
substance does not appear to be progesterone, in agreement with Uhler et al (1992). 
In conclusion we therefore would advocate caution in the use of follicular fluid in the assisted 
reproductive technologies, mainly because of the short-term effects on sperm acrosome reaction as 
demonstrated here. Also, extended incubation times ( > 2 0 hours), although maybe beneficial to the 
acrosomal loss, the relative survival and motility parameters of the sperm for use in the ART's may be 
negatively compromised. 
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Abstract 
The study was designed in order to investigate the action of progesterone on the spontaneous and 
ìonophore induced human sperm acrosome reaction in vitro The principle of the assay system is flow 
cytometric analysis of CD46 antibody binding to the inner acrosomal membrane The technique is a 
simple and objective method of analysis, allowing fluorescent analysis of a large segment of the sperm 
population under investigation (5000 spermatozoa as opposed to 100 spermatozoa analysed by previous 
methodologies), with concomitant isolation of the live fraction of the sperm population Four 
concentrations of progesterone (1, 25, 50, and 100 μg/ml) were examined for their effects on 
spermatozoa capacitated for 4 and 24 hours Further, motility parameters were examined by the 
CellSoft 2000 automated semen analyzer system 
Analysis of variance revealed that progesterone had no effect on either the spontaneous acrosome 
reaction or the ìonophore-induced acrosome reaction at both 4 hours and 24 hours of sperm capacitation 
times Further, no effects on sperm motility parameters or on sperm viability could be attributed to 
progesterone 
We therefore conclude that progesterone has no objectively measurable effects on either the sperm 
acrosome reaction or sperm motility parameters, as measured m normal sperm populations 
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Introduction 
The ability of human spermatozoa to undergo capacitation and the acrosóme reaction is a pre-requisite 
for the preliminary phase of fertilization (Tesarik, 1989, Yanagimachi, 1988) The acrosome reaction 
of human spermatozoa has been well documented (Mortimer et al, 1989, Wassarman, 1987) with 
regard to the physiological conditions required for its initiation and completion, the main trigger of the 
event being a rapid influx of calcium ions (Roldan and Harrison, 1989, Shimizu et al, 1993, Baldi el al, 
1991) Several authors have attempted to induce this event by physiological and pharmacological 
techniques (Cross et al, 1988, Florman et al, 1989, Harrison et al, 1990, Leyton and Saling, 1989), the 
most potent inducer, in vitro at least, being the family of calcium ìonophores (Aitken et al, 1984, 
Cummins et al, 1991) However, the ìonophores are capable of inducing the acrosome reaction in non-
capacitated as well as capacitated spermatozoa (Russell et al, 1979) thereby circumventing the normal 
physiological processes of the series of events comprising capacitation 
A variety of agents are reported to induce the acrosome reaction, ranging from solubilized zonae 
pellucidae, follicular fluid, peritoneal fluid, serum substitutes, to agents such as pentoxifylline, 2 
deoxyadenosine, progesterone and other steroid hormones (Oehninger et al, 1994a and 1994b, Palermo 
et al, 1992, Maigalioth et al, 1988, DasGupta et al, 1994, Modotti et al, 1994, Chan et al, 1983, 
Osman et al, 1989) A large portion of work has focussed on the actions of progesterone on human 
sperm capacitation, including calcium influx (Blackmore et al, 1990, Baldi et al, 1991), hyperactivation 
(Uhler et al, 1992), and the acrosome reaction (Parinaud et al, 1992) in vitro The most frequently used 
techniques for the detection of the acrosome reaction centre around fluorescence microscopy ie 
labelling of spermatozoa with FITC-conjugated lectins (Liu and Baker, 1988, Grunert et al , 1990, 
Cummins et al, 1991, Holden & Trounson, 1991 etc ) However, these techniques are quite labor 
intensive and subjective unless the assay is carried out in a double-blinded fashion, with a maximum 
observation of 100-200 spermatozoa from the studied spermatozoa population (Parinaud et al, 1992, 
Aitken et al, 1993) Previously we reported (Carver-Ward et al, 1994) a flow cytometric assay for the 
rapid, objective assessment of the acrosome reaction in human spermatozoa In the assay, CD46 
antibody (Ballard et al, 1987, 1988, Liszewski et al , 1991) is used to detect spermatozoa which have 
completed the acrosome reaction, as CD46 binds only to the inner acrosomal membrane (D'Cruz & 
Haas, 1992), and, when the flow cytometric detection is performed in conjunction with a supravital 
stain, has been proven to be a reliable, rapid assay for the routine assessment of the acrosome reaction 
(D'Cruz &. Haas, 1992, Carver-Ward et al , 1994) 
In the study presented here we concentrate on the objective analysis of the actions of progesterone - at 
physiological and supra-physiological concentrations defined as those found in follicular fluid -
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(Modotti et al, 1994, Shimizu et al, 1993, Margahoth et al, 1988, Uhler et al, 1992) on the major 
events of capacitation - namely, actions on sperm motility parameters (reversible event), and the 
acrosome reaction (irreversible event) Previously, it has been indicated that progesterone markedly 
effects sperm motility (Uhler et al, 1992, Modotti et al, 1994) as detected by automated semen 
analyzers However, reports on the effects of progesterone on the acrosome reaction are conflicting 
Some authors claim an enhancement of the acrosomal response (Oehnmger et al, 1994, Aitken et al, 
1993, DasGupta et al, 1994) while others report no effect (Uhler et al, 1992) All of the conflicting 
data has been obtained by the use of fluorescent microscopy techniques, either using varieties of the 
lectin binding protocols (Tesarik and Mendoze, 1992, Gearon et al, 1994) or the 'triple stain' technique 
(De Jonge et al, 1989, Baldi et al, 1991, Talbot and Chacon, 1981) Also, there is much diversity with 
respect to capacitating conditions for spermatozoa prior to testing some authors utilize routine IVF 
media and culture conditions with concentrations of crystalline bovine/human serum albumin of 0 3% 
1% (Tao et al, 1993, Gearon et al, 1994, Cross et al, 1986, Brucker et al, 1994, Calvo et al, 1993, 
Suarez et al, 1986, Tesarik et al, 1988, Oehninger et al, 1994a and 1994b), whilst others use 
alternative 1VF conditions of 7 5%-10% matemal serum (Takahashi et al, 1992, Cummins et al, 1991, 
Uhler et al, 1993, Wang et al, 1993), whilst others use concentrations more closely related to the serum 
content of oviductal fluid ie 25-30 mg/mi (Aitken et al, 1994, Yudin et al, 1988) Further, two 
important studies regarding the effects of capacitation time on the acrosome reaction both utilized 
routine IVF media with 7 5%-10% maternal serum and found a peak of acrosomal loss after 4 hours of 
incubation, and indicated that extended capacitation times were, in fact, detrimental to the spontaneous 
acrosome reaction (Wang et al, 1993, Takahashi et al, 1992) Initial studies by ourselves indicated no 
differences in acrosomal response with respect to incubation time or protein concentration, even after 
24 hours of capacitation in media with high (35 mg/ml) BSA content (unpublished data) In the study 
presented here we attempt to repeat the basic concepts of the previously reported studies, using our 
routine laboratory techniques evolved for IVF and of flow cytometry in an attempt to provide objective 
data from ал in vitro assay system upon which to base our conclusions 
Materials and Methods 
Reagents and stock solutions 
Calcium ïonophore (A23187) was obtained from Sigma Chemical Co , St Louis, MO, USA A stock 
solution of 5 mM in dimethylsulphoxide (DMSO, Sigma) was stored at -40°C in 0 25 ml ahquots A 
working stock solution was obtained by diluting 1 10 in unsupplemented human tubal fluid media 
121 
(HTF, Quinn et al , 1985) and equilibrated at 37°C in 5% CO2 in air for 3 hours prior to use, 10 μΐ 
was added to each allocated sperm suspension, to give a final concentration of 10 μΜ (Cummins et al, 
1991) 
Progesterone (4-Pregnene-3,20-dione) was obtained from Calbiochem Corporation, La Jolla, CA, 
USA A stock solution of 2 mg/ml in DMSO was stored at -40°C in 0 25 ml ahquots A fresh weekly 
working stock (200 μg/ml) solution was obtained by diluting 1 10 in HTF media supplemented with 3 
mg/ml bovine serum albumin (BSA, Irvine Scientific, Santa Ana, CA USA) Progesterone content of 
each daily stock solution was assessed in triplicate by a chemilununescence/fluorescence assay (Kodak 
Clinical Diagnostics Ltd , Amersham, UK) The progesterone working stock was not used unless the 
actual assayed progesterone content was 200 μg/ml +/- 20 μg/ml (100 μg/ml = 166 μΜ) 
Percoli gradients (Sigma) were made according to the protocol of Dravland and Mortimer (1985) using 
HTF-BSA as the diluent 
Anti human CD46 monoclonal antibody (AMAC Ine , Westbrook, ME, USA) was made up as a stock 
solution of 10 μg/ml in PBS (phosphate-buffered saline, Sigma) A stock solution of fluorescein-
conjugated goat anti-mouse Ig (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) of 
50 μg/ml, and a stock solution of ethidium bromide (Sigma), also of 50 μg/ml were both made up in 
PBS 
Sperm Preparation 
A total of 24 semen specimens were obtained from the andrology section of the IVF clinical laboratory 
All specimens were verified as having previous fertilization success ie by natural conception or by 
IUI/IVF All specimens were collected by masturbation into sterile, non-toxic containers after 48-72 
hours of sexual abstinence All specimens were processed within 1 hour of collection and after 
completion of liquefaction at room temperature for 30 minutes 
Routine semen analysis was carried out using the Makler chamber (Sefi Medical Instruments, Haifa, 
Israel) containing 5 μΐ liquefied semen linked to a CellSoft automated semen analyzer system (CellSoft 
2000, Cryo Resources Ltd , NY, USA) The set-up for each parameter measurement was according to 
the guidelines of Mortimer and Mortimer (1988) Sampling was performed in 12 random fields with a 
minimum of 200 spermatozoa analyzed for each parameter Semen was consistently diluted to 30 
million spermatozoa/ml with homologous seminal plasma prior to counting Only specimens exhibiting 
>50 million spermatozoa/ejaculate with >70% motility and >50% forward progressive motility were 
allocated to the study (ie highly normal sperm parameters) Morphology was assessed for each 
specimen, pre-Percoll, post-Percoll, and post-treatment, by staining with Diff-Quik (Baxter Scientific 
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Products, McGaw Park, IL, USA) and according to Strict Criteria (Kruger et al, 1986) Spermatozoa 
with < 30% normal forms were also excluded from the study 
Specimen Allocation 
A total of 24 specimens were selected for inclusion in the study based on the criteria outlmed above 
The flow chart in figure 1 details the allocation and treatment of each individual specimen Specimens 
were subjected to Percoli density gradient centrifugación as previously described (Carver-Ward et al , 
1994) after which a post-Percoll analysis was carried out Processed specimens were diluted to contain 
50 million motile spermatozoa/ml A 0 5 ml aliquot was incubated for 4 hours at 37°C/5 % COj A 
second 0 5 ml aliquot was incubated for 24 hours After termination of incubation a further SA was 
carried out and the specimen diluted to 2 5 ml with HTF-BSA This was further divided into five 0 5 
ml aliquots, to each was added Progesterone to give final concentrations of 0(A), 1(C), 25(E), 50(G), 
and 100(1) μg/ml These dilutions were based on previously reported studies (Modotti et al, 1994, 
Shimizu et al, 1993, Margalioth et al, 1988, Uhler et al, 1992) Aliquota were incubated as above for 1 
hour after which a further SA was performed Aliquots were made up to 5 ml with HTF-BSA and 
centrifugea at 300 g for 10 minutes to remove the progesterone Pellets were resuspended up to 1 ml 
with HTF-BSA and divided again into two 0 5 ml aliquots The second of each pair of aliquots received 
10 μΐ A23187 (final concentration 10 μΜ), the first of each treatment pair received HTF-BSA alone 
All tubes were again incubated, as above, for 45 minutes After termination of incubation, volumes 
were made up to 5 ml with HTF-BSA and centrifugea at 300 ¿for 10 minutes to remove the A23187 
Supematants were discarded and the pellets resuspended to 0 5 ml with HTF-BSA and transported to 
the flow cytometry laboratory for further processing 
Flow Cytometry 
This was performed as previously described (Carver Ward et al , 1994) Briefly, all suspensions were 
made up to 2 ml with PBS and centnfuged at 500 g for 5 minutes Pellets were resuspended in 20 μΐ 
anti-human CD46 monoclonal antibody (final concentration 10 μg/ml) and mixed by light vortexing 
Tubes were incubated at room temperature for 30 minutes followed by centrifugación with 2 ml PBS 
Supematants were discarded and 4 μΐ FITC-conjugated goat anti-mouse Ig added to each pellet and 
mixed by light vortexing Tubes were incubated for 30 minutes at room temperature in the dark, 
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followed by two washes in PBS (as above) Final pellets were resuspended in 1 ml PBS and then 
analyzed on the FACScan flow cytometer (Becton Dickinson) Immediately prior to analysis, 20 μΐ 
ethidium bromide (50 μ§/ιτ>1) was added to give a final concentration of 1 μξ,/πύ 
Data were collected in duplicate in list mode on a minimum of 5000 cells, using the FACScan Research 
Software and stored on disk for later analysis The parameters for data collection were forward scatter, 
side scatter, green fluorescence, and red fluorescence A gate was set to exclude cells that exhibited red 
fluorescence (ethidium bromide positive) - these cells had permitted influx of the label and were 
concluded to be dead After setting the gate, the number of cells, above background, that fluoresced 
green (CD46 positive) were counted and expressed as a percentage of the live population It was further 
noted that the majority (>90%) of the dead cells were CD46 positive, thus confirming that dead and 
dying spermatozoa exhibit a false acrosome reaction 
Data Analysis 
Data regarding sperm motility parameters, morphology and acrosome reaction were analysed using the 
JMP-SAS statistical package (SAS Institute Ine , NC, USA) and two-way analysis of variance where 
the factors for analysis were progesterone dose (0, 1, 25, 50, 100 μg/ml)and capacitación time (4 and 
24 hours) Thus, dose and time were regarded as fixed effects and not random effects Further, an 
interaction between dose and time was tested for 
The interaction model employed was y φ = μ + δ, + t, + (δτ),, Η-ε,,^ , based on examining 
variability in subgroups and between subgroups, where μ is the overall mean, δ, is the dose deviation, τ 
. is the time deviation, (δτ),. is the interaction between dose and time, ε,.^ is the error term, the 
dependent variable, ν,,^ is a function of the effects, ι refers to doses 1 to 5, j refers to times 1 and 2, к 
refers to replicates 1 to 24 
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Fig. 1. Flow chart to show the allocation of specimen treatments. 
Semen Specimen »- CASA& 
Morphology 
Percoli Preparation 
Τ 
Wash and resuspend to 50 million/ml 
0.5 ml. 0.5 ml. 
Incubate for 4 hours Incubate for 24 hours 
t f 
Resuspend to 2.5 ml and perform CASA & Morphology 
Divide into 5 aliquots. Add Progesterone 
Incubate for 1 hour. Then wash and resuspend to 1 ml. 
Split again:incubate with or without ¡onophonffor 45 minutes 
A 
Control (0 цд/ті) 
Л. * 
+ b -C 
С 
1 цд/ті 
+ 
E 
25 цд/ті 
+ 
G 
50 цд/ті 
+ 
I 
100цд/тІ 
+ 
Perform CASA & Morphology on A,C,E,G,I. 
Wash and transfer to Flow Cytometry 
g 
calcium ionophore (A23187) 
with ionophore 
without ionophore 
Results 
Sperm parameters analyzed were: %motility (%Mot), velocity (Vcl:urn/second), linearity (Lin,%), 
maximum amplitude of lateral head displacement (ALHMx.um), mean ALH (ΑίΗΜη,μπι), Beat Cross 
Frequency (BCF.Hz), % normal morphology (morph), acrosome reaction (%AR and the derived ARIC 
score), and % live spermatozoa. 
Results from the 24 specimens are shown in tables la and lb. Each specimen was treated according to 
the schedule in figure 1. 
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Tables 2a and 2b demonstrate that treatment with various doses of progesterone over two capacitation 
times (4 hours = tl, 24 hours = t2) has no effect on any of the measured sperm motility parameters, 
morphology or ARIC (Acrosome response to îonophore challenge) score. Furthermore, neither 
treatment with progesterone alone, nor prior to calcium ionophore caused any significant alterations in 
the ARIC score. These data may be compared with our previous findings with Pentoxifylline (Carver-
Ward et al., 1994) where Pentoxifylline significantly potentiated the acrosomal response to calcium 
ionophore. Further observations of the raw acrosome reaction scores demonstrates (table 2b) a 
significant increase in the spontaneous acrosome reaction after 24 hours of incubation (P< 0.0002), 
which is already a well established fact (Brucker et al, 1994). Notwithstanding, there was no 
observable effect caused by progesterone. Further analysis using MANOVA (multivariate analysis of 
variance) revealed no significant dose or time effects after examination of overall means for the sperm 
motility parameters, morphology, and the ARIC scores. 
Table la: Semen Parameters versus Progesterone dose after 4 hours capacitation 
PDose 
Motility 
(%) 
Velocity 
(цгп/sec) 
Linearity 
(%) 
ALHMx 
(μιη) 
ALHMn 
(μιη) 
BCF 
(Hz) 
%Normal 
(%) 
ARIC SCORE 
% 
%Live 
(%) 
0 μ§/ιη1 
74 2 
±3 1 
45 5 
+2 1 
45 
±1 2 
3 1 
±0 2 
2 6 
i 0 2 
16 5 
±05 
69 
±2 4 
27 6 
±1 9 
88 8 
±1 4 
1 μg/ml 
70 7 
±2 8 
50 1 
±1 4 
49 
±1 6 
3.6 
±0 1 
3 0 
±0.1 
17 1 
±0.3 
67 
±1.5 
28 1 
±2 0 
87 6 
±1 2 
25 Hg/ml 
66 6 
±2 9 
45 9 
±1.4 
44 
±1 8 
3.4 
+0 1 
2 9 
±0 1 
16 5 
±0.4 
67 
±1.6 
27 7 
±1 9 
86.5 
±1 4 
50 ці/ті 
71 1 
±2 7 
45 8 
±1 7 
44 
±2.2 
3 2 
±0 2 
2 8 
±0.2 
17 5 
•±оз 
66 
±2.0 
28.3 
±1 9 
87 0 
±1.2 
100 μg/ml 
73 2 
±3 2 
45 4 
±2.0 
45 
±1 4 
3 2 
±0 2 
2 8 
±0 2 
16 9 
±0.5 
68 
±2.0 
27 9 
±1 9 
87 5 
±1.3 
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Table lb: Semen Parameters versus Progesterone dose after 24 hours capacitation 
Ρ Dose 
% Motility 
(%) 
Velocity 
(μπι/sec) 
Linearity 
(%) 
ALHMx 
(μπί) 
ALHMn 
(μπί) 
BCF 
(Hz) 
% Normal 
(%) 
ARIC SCORE 
% 
%Live 
(%) 
0 Hg/ml 
46 9 
±4 1 
469 
±1 9 
46 
±2 4 
3 4 
±0 1 
2 9 
±0 1 
17 1 
±04 
59 
±2 0 
31 5 
±1 9 
69 5 
±1 9 
1 Hg/ml 
47 6 
±3 3 
50 3 
±1 1 
50 
±1 6 
37 
±0 1 
3 2 
±0 1 
17 0 
±03 
58 
±2 1 
31 0 
±1 8 
70 3 
±2 3 
25 μ&πιΐ 
49 0 
±3 6 
48 4 
±1 5 
50 
±1 9 
3 9 
±0 1 
3 3 
±01 
17 3 
± 0 4 
55 
±2 6 
31 0 
±1 6 
68 5 
±26 
50 μ§/Γη1 
48 8 
±4 2 
43 2 
±5 2 
45 
±1 7 
3 6 
±0 2 
3 0 
±0 2 
16 3 
± 0 4 
58 
±1 9 
31 0 
±1 8 
68 7 
±2 8 
100 μκ/ml 
47 6 
±4 0 
47 8 
±2 0 
47 
±1 7 
3 6 
±0 1 
3 0 
±0 1 
17 6 
± 0 3 
57 
±2 3 
31 4 
±1 9 
69 2 
±3.1 
NB AU results are statistically not significant ie none of the treatment groups differ from the control, at either 4 
hours or 24 hours Results are expressed as values +/-SEM 
Table 2a. ARIC data versus Progesterone concentration after 4 hours capacitation 
Ρ Dose 
-ION* 
+ ION* 
* 
ARIC 
SCORE 
0 μg/ml 
2.82 
±0.46 
30.41 
±1.99 
27 59 
±1.94 
1 μ&πΛ 
2.93 
±0 42 
31 03 
±2.09 
28 10 
±2.03 
25 μ%/πύ 
3.23 
±0 48 
30.94 
±2.06 
27 71 
±1 94 
50 μg/ml 
3 0 0 
±0.38 
31.30 
±2.03 
28 3 
±1 95 
100 μ§/ιη1 
3.06 
±0.50 
30.94 
±1.99 
27.87 
±1.87 
Table 2b. ARIC data versus Progesterone concentration after 24 hours capacitation 
Ρ Dose 
-ION* 
(SAR) 
+ ION* 
* 
(IAR) 
ARIC 
SCORE 
0 pg/ml 
21.87 
±2.43 
53.34 
±2.49 
31.47 
±1.94 
1 ц£/тІ 
22.30 
±2.40 
53.27 
±2.33 
30.97 
±1.79 
25 μg/ml 
21.83 
±2.35 
53.05 
±2.47 
30.99 
±1.59 
50 μg/ml 
22.55 
±2.42 
53.48 
±11.49 
30.97 
±1.78 
100 ц§/т1 
22.87 
±2.44 
54.18 
±2.46 
31.35 
±1.86 
* = without calcium ionophore ** = with calcium ionophore 
Values are expressed as means ±SEM 
Figure 2. Graphical Representation of ARIC Data 
ARIC 
34 
32 
30 
26 
26 
0 1 25 50 100 
PROGESTERONE 
DOSE (цд/ті) 
Effects of progesterone dose on ARIC scores after two different capacitation times 
Values expressed are ±SEM 
SCORE 
t1(4hrs) 
t2(24 hrs) 
Discussion 
We previously reported a simple, routine, objective technique for the detection of the acrosome reaction 
in human spermatozoa, and utilized the assay to demonstrate the effects of pentoxifylline on the same 
(Carver-Ward et al , 1994) Here we have described application of this technique to the assessment of 
the actions of progesterone on the human sperm acrosome reaction Previous studies have demonstrated 
conflicting data regarding the actions of progesterone Brucker et al, 1994 demonstrate a stimulatory 
effect on the spontaneous acrosome reaction of spermatozoa subjected to 4 and 22 hours of 
capacitation Conversely, Uhler et al, 1992 found negative or minimal effects of progesterone on the 
spontaneous acrosome reaction Several reports (Shimizu et al, 1993, Parinaud et al, 1992, Thomas 
and Meizel, 1989, Mendoza and Tesarik, 1993, Baldi et al, 1991) have examined the effects of 
progesterone on calcium influx in human spermatozoa However, evidence of an increased calcium 
influx cannot be taken to refer to concomitant shedding of the acrosomal matrix (Shimizu et al, 1993), 
in fact, many events may induce reversible changes in sperm membrane permeability (thereby causing 
calcium channel fluctuations) without inducing actual loss of the organelle ie the acrosomal membrane 
and matrix Thus, we would suggest that the observations of rapid calcium influx be interpreted as a 
functional but reversible event related to sperm membrane permeability rather than an event terminating 
in the completion of the acrosome reaction The initiation of an event should not be taken to imply the 
outcome unless it is combined with objective quantitation of the terminal event (Parinaud et al, 1992) 
Similarly, observations of the sperm acrosome reaction are subject to individual variation and should be 
interpreted with care, for example, the concomitant use of a supravital stain is essential in all assays for 
sperm acrosome assessment (with the notable exception of transmission electron microscopy) due to the 
fact that dead and dying spermatozoa display a false positive acrosome reaction caused by breakdown 
of membrane integrity, thereby allowing influx of the dye labelling the acrosomal contents Thus, 
assays not taking this effect into account (Gearon et al, 1994) must be interpreted with caution as any 
agent causing a loss of sperm viability (for example, the use of the lonophores, high centrifugation 
speeds, prolonged incubation times etc ) will demonstrate an artificially high 'acrosome reaction' 
Notwithstanding, we observed no detrimental effects of progesterone with regard to sperm viability at 
all concentrations tested, whilst calcium ìonophore treatment alone caused between IS and 35% loss of 
viability (see Tables la and lb), thereby agreeing with a previous report (Parinaud et al, 1992) on the 
low toxicity of progesterone to spermatozoa 
In conclusion we state that we observed no measurable effects of progesterone on the sperm acrosome 
reaction - the only observable difference (figure 2) being a slightly increased acrosome reaction 
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ascribable to 24 hours of capacitaron however, this observation is not statistically significant Further 
studies are in progress to examine the effects of other potential acrosome reaction inducers. 
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3.6 Estradiol-17ß potentiates ionophore-mediated acrosome reaction as measured by 
How cytometry 
J A Carver-Ward, J M G. Hollanders and M Einspenner 
Middle East Fertility Society Journal, 1996, In Press 

Abstract 
The study was designed in order to investigate the actions of estradiol-17ß (E2) on the human sperm 
acrosome reaction (AR) with a view to correlation with high pre-ovulatory levels of the hormone in 
pre-ovulatory follicular fluid We previously reported that progesterone was unable to induce an 
acrosome reaction in human spermatozoa (Carver-Ward et al, 1996), either spontaneously or after 
induction with calcium lonophore, therefore, we need to examine the role of E2 as the possible AR 
potentiator present m follicular fluid 
20 normal semen specimens (>50 million spermatozoa/ml, >50% progressive motility, >50% normal 
forms, > 10 ARIC score on two previous occasions) were incubated for 1 hour with 0 1,1, and 10 μ 
g/ml of E2, after 4 and 24 hours of capacitation, spermatozoa were also incubated for a total period of 
24 hours with the same concentrations of E2 Acrosome reaction was measured by flow cytometric 
analysis of CD46 binding to the inner acrosomal membrane Sperm motility parameters were measured 
by a CASA system 
There were no significant differences within any of the incubation regimens with respect to sperm 
parameters (including morphology and vitality) No dose-time interaction was found. However, with 
respect to acrosome reaction, 24 hour capacitation (treatment and control) all gave a significantly higher 
(P<0 001) spontaneous acrosome reaction (SAR) than the 4 hour capacitated spermatozoa However, 
E2 did not significantly increase the SAR in any group (/"=0.33) When we examine the ìonophore-
lnduced acrosome reaction (IAR), all doses of E2 gave significantly higher induction than the controls, 
for all regimens For the ARIC scores, we observed a significant increase with all doses of E2 after 4 
hours capacitation, as compared to the control (P=0 0022). 
We therefore conclude that E2 alone does not induce the acrosome reaction, even after 24 hours of 
capacitation or 24 hours concomitant incubation with E2 However, significant enhancement of the 
lonophore-mediated response was observed for all time points and incubation regimes, thereby 
indicating that E2 could be a potentiator rather than an actual inducer of the human sperm acrosome 
reaction thereby giving possible applications for use in the advanced reproductive techniques, especially 
when considering its low toxicity However, the lack of stimulation of the spontaneous acrosome 
reaction would imply that the E2 present in follicular fluid is not the agent responsible for the follicular 
fluid-induced acrosome reaction in human spermatozoa 
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Introduction 
In order to fertilize a human oocyte, spermatozoa must undergo a process known as capacitation 
(Wassarman, 1988) This is essentially attained, in vivo, by passage through the environmentally 
diverse female reproductive tract, only after completing the journey do a small segment of the initial 
ejaculate attain competence to effect fertilization and gamete fusion (Wassarman, 1988) Many in vitro 
studies have demonstrated that the steroid hormones present throughout the female reproductive tract 
may exert varying effects upon the spermatozoa (Revelh et al 1994) The most notable studies have 
been concerned with the effects of follicular fluid on sperm capacitation and the acrosome reaction 
(Falcone, 1991, Calvo et al, 1989, Tesarik, 1985, Revelh el al, 1992, Suarez et al, 1986, Stock et al, 
1989, Siegel et al, 1990), and the effects are generally attributed to the follicular fluid content of 
progesterone (P) and estradiol-17ß (E2) Progesterone has been cited as the primary inducer of the 
acrosome reactor and of hyperactivated sperm motility (Parinaud et al, 1992, Blackmore et al, 1990, 
Thomas and Meizel, 1989), also, Tesarik et al, 1992, and Blackmore and Lattanzio, 1991, have shown 
the existence of an actual progesterone receptor located on the surface of human spermatozoa 
However, others have failed to evoke a response to progesterone in vitro (Uhler et al, 1992) Reports 
concerning the effects of estradiol-17ß are not so prolific - Chan et al (1983) demonstrated an increase 
in the hamster oocyte penetration by human spermatozoa when estradiol- 17ß was added to the culture 
media Conversely, Margahoth et al (1988) found no such effect, Mbizvo et al (1990) demonstrated 
maintenance of sperm motility parameters using estradiol-17ß, Sjoblom and Lindahl (1986) showed that 
estradiol-17ß enhanced the adhesion of spermatozoa to mouse oocytes, and Meizel (1985) demonstrated 
induction of the acrosome reaction Further, estradiol-17ß has been found to cause an increase in 
calcium influx in human spermatozoa, though not so great as progesterone (Blackmore et al, 1990) 
Recently we reponed the use of a novel assay system for the measurement of the sperm acrosome 
reaction (Carver-Ward et al, 1994), based on flow cytometric analysis of CD46 antibody binding to the 
inner acrosomal membrane of acrosome reacted spermatozoa We expanded this study by examining the 
effects of progesterone on the sperm acrosome reaction (Carver-Ward et al, 1996) and concluded, in 
agreement with Uhler et al (1992), that progesterone did not induce or potentiate induction of the 
human sperm acrosome reaction in an m vitro setting Due to the lack of consensus regarding the 
effects of estradiol-17ß we decided to complement the work on progesterone by expanding our work on 
estradiol-17ß in an attempt to further define the role of this steroid in sperm capacitation and the 
acrosome reaction, utilizing physiological levels of estradiol 17ß as found in follicular fluid (Suchanek 
et al, 1994, Yie et al, 1995) 
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Materials & Methods 
Reagents and slock solutions 
Calcium lonophore (A23187) was obtained from Sigma Chemical Co , St Louis, MO, USA A stock 
solution of 5 mM was made up in dimethylsulphoxide (DMSO, Sigma) and stored at -40CC in 0 25 ml 
aliquote A working stock was made up by diluting 1 10 in unsupplemented human tubal fluid media 
(HTF, Quinn et al, 1985) and equilibrated at 37°C in 5% CO2 in air for 3 hours before use The same 
batch of A23187 was used throughout the series of experiments 10 μΐ of the working stock was added 
to each 500 μΐ of sperm suspension, giving a final concentration of 10 μΜ (Carver-Ward et al , 1994) 
Percoli (Sigma) gradients were used to separate motile spermatozoa from seminal plasma (Carver-Ward 
et al , 1994) using HTF-BSA as the diluent (BSA low endotoxin, 0 3%, Irvine Scientific, Santa Ana, 
CA, USA) 
Anti-human CD46 monoclonal antibody (Immunotech , Westbrook, ME, USA) was made up as a stock 
solution of 10 μg/ml in PBS (Sigma) A stock solution of fluorescein-conjugated goat anti-mouse Ig 
(Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) of 50 μg/ml, and a stock solution 
of ethidium bromide (Sigma), also of 50 μg/ml, were both made up in PBS 
Estradiol- 17ß (Calbiochem-Novabiochem Corp , La Jolla, CA, USA) was made up as a stock solution 
of 2 mg/ml in DMSO and frozen in 250 μΐ ahquots until required 
Sperm Preparation 
Specimen allocation and treatment protocols are shown in the flow chart in figure 1 
Twenty semen specimens from normal fertile patients were collected after 48-72 hours sexual 
abstinence and were analysed by a CASA system (CellSoft 2000) as previously described (Carver-Ward 
et al 1994) Sperm morphological analysis by strict criteria was performed according to Kruger et al 
(1986) Criteria for inclusion in the study comprised a count of >50 rrullion/ml, >50% progressive 
motility, >30% normal forms, ARIC score (acrosome response to lonophore challenge) of > 10 
(Carver-Ward et al, in press) on at least one previous occasion 
Motile spermatozoa were separated from liquefied semen by Percoli buoyant density gradient 
centrifugation, as previously described (Carver-Ward et al 1994) Resulting pellets were resuspended 
up to 5 ml with HTF-BSA and centnfuged at 300 g to remove residual Percoli The final pellet was 
resuspended up to 1 0 ml with HTF-BSA and a post-Percoll semen analysis carried out as described 
above The sperm suspension was diluted to 50 million/ml motile spermatozoa 
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Fig. 1. Flow chart to show the allocation of specimen treatments. 
Semen Specimen »- CASA & 
^ Morphology 
Percoli Preparation 
Τ 
Wash and resuspend to 50 million/ml 
1.0 ml. 0.5 ml. 
Incubate for 4 hours Incubate for 24 hours 
? Τ 
Resuspend to 2.0 ml and perform CASA & Morphology 
Divide into 4 aliquots. Add Estradiol. 
Incubate half for 1 hour and half for 24 hours. 
Then wash and resuspend to 1 ml. 
Split again:incubate with or without ionophore'for 45 minutes 
A 
Control (0 цд/ті) 
Λ, * 
+ b -C 
С 
0.1 цд/ті 
+ 
E 
1 цд/ті 
+ 
G 
Юцд/тІ 
+ 
Perform CASA & Morphology on A,C,E,G. 
Wash and transfer to Flow Cytometry 
a 
calcium ionophore (A23187) 
Hwith ionophore 
without ionophore 
Incubation with E2 
All prepared samples were capacitated at 37°C in 5 % CO2 for 4 hours prior to treatment. Each sample 
was resuspended up to 1.0 ml with HTF-BSA and divided into two 0.5 ml aliquots. The first aliquot 
was divided and treated with E2 according to the flow chart; the second aliquot was allowed to remain 
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in the incubator for a further 20 hours, after which it received treatment with E2 Samples were 
incubated with E2 for 1 hour after which they were resuspended up to 5 ml with HTF-BSA and 
centrifugea at 300 g for 10 minutes Resulting pellets were then made up to 1 ml with HTF-BSA and 
divided into two further aliquots (1 to receive îonophore, 1 without îonophore) and incubated with or 
without îonophore for 45 minutes At the end of the incubation time, all aliquots were made up to 5 ml 
with HTF-BSA and centnfuged at 300 g for 10 minutes Resulting pellets were resuspended up to 5 ml 
and the centrifugation repeated Final pellets were made up to 0 5 ml with HTF-BSA and transported to 
the Flow Cytometry laboratory for further processing 
Flow Cytometry 
This was performed as previously described (Carver-Ward et al , 1994) Briefly, suspensions were 
washed in PBS and pellets were resuspended in anti-human CD46 monoclonal antibody Tubes were 
incubated at room temperature for 30 minutes and washed again in PBS FITC-conjugated goat anti-
mouse Ig was added and the pellets incubated for a further 30 minutes at room temperature in the dark, 
followed by two further washes in PBS Final suspensions were analyzed on a FACScan flow cytometer 
(Becton Dickinson) Immediately prior to analysis, ethidium bromide was added to give the supravital 
staining analysis 
Data were collected for a minimum of 5000 cells in each specimen A gate was set to exclude cells 
which fluoresced red (ethidium bromide positive) - these were the dead cells in the population After 
setting the 'live' gate above these cells, the number of cells, above background, that fluoresced green 
(CD46 positive) were counted and expressed as a percentage of the live population 
Data were analyzed using LYSIS II Research Software and stored on disk for subsequent statistical 
analysis 
Data Analysis 
Data regarding sperm motility parameters, morphology, and acrosome reaction were analysed using the 
JMP-SAS statistical package (SAS Institute Ine, NC, USA) Method of choice was two-way analysis of 
variance where the factors for analysis were estradiol-17p dose (0, 0 1, 10, and 10 0 μβ/ηι1)3Γκ1 
capacitation time (4 hours, 24 hours, and 24 hours Ej exposure) Thus, dose and time were regarded as 
fixed effects and not random effects Further, an interaction between dose and time was tested for 
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The interaction model employed was. y ^ = μ + δ, + τ. + (δτ),, Ч-Е,,^, based on examining 
variability in subgroups and between subgroups, where μ is the overall mean, δ, is the dose deviation, τ 
. is the time deviation, (δτ),. is the interaction between dose and time, EJ;^ is the error term; the 
dependent variable, y ^ i s a function of the effects; i refers to doses 1 to 4; j refers to times 1, 2 and 3; 
к refers to replicates 1 to 20. 
Sperm parameters analyzed were: %motihty (%mot), velocity (vcl^m/second), linearity (%lm), 
maximum amplitude of lateral head displacement (ALHMx, μπι), means ALH (ALHMn, цт), beat 
cross frequency (BCF, Hz), % normal morphology (morph), spontaneous acrosome reaction (SAR, 
%), ionophore-induced acrosome reaction (IAR, %), and the derived acrosome response to ïonophore 
challenge score (ARIC, %), and % live sperm (live, %). 
Results 
Results from the 20 specimens are shown in Table l(a, b, and c). 
We found no significant differences, with respect to time of incubation, dose, and duration of exposure 
to E2, for any of the sperm motility parameters, including morphology and vitality. 
With respect to acrosome reaction, 3 parameters were examined: spontaneous acrosome reaction 
(SAR), ionophore-induced acrosome reaction (IAR), and the computed response to ïonophore ie. IAR -
SAR = ARIC score. See Figure 2 and 3. Capacitation for 24 hours prior to treatment with E gave a 
significantly higher SAR than 4 hours capacitation (P<0.001); however, no E2 dose effect was 
observed at any time point (P=0.13). For the IAR, all doses of Ej were significantly higher than the 
control values for 4 hours of preincubation (P<0.01); however, again, no dose effect was observed 
(P=0.12). For the ARIC scores, after 4 hours of capacitation, all doses of Ej were significantly higher 
than the control values (P=0.002); further, a significant dose effect was observed (1 and 10 μg/ml > 
0.1 μg/ml, /'=0.0022). Finally, after 24 hours of capacitation, all groups ARIC scores were 
significantly greater than the control values (P=0.003). 
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Table la: Data for 4 hours capacitation time plus 1 hour exposure to Estradiol-17ß. 
£2 Dose 
Motility (%) 
Velocity (μπι/sec) 
Linearity (%) 
ALHMx (μπι) 
ALHMn (μπι) 
BCF (Hz) 
%Normal (%) 
SAR(%) 
IAR (%) 
ARIC SCORE % 
%Live (%) 
0 μ&τηί 
79 9 ±4 1 
86 2 ±8 5 
64 7 ±5 7 
2 7 ± 0 2 
2 1+02 
18 3 ±0 8 
61 ±2 0 
3 0 ± O 5 
28 1 ±1 1 
25 1 ±0 8 
88 ±2 1 
0.1 Hg/ml 
75 7 ±2 8 
77 9 ±4 8 
61 0 +5 1 
3 6 ± 0 1 
3 1 ±0 1 
18 6 ±0 6 
57 ±2 2 
3 0 ±0 4 
4 4 6 ± 0 4 
41 6 ±0 4 
86 ±2 7 
1.0 μβ/πιΙ 
83 3 ±3 0 
90 4 ±2 9 
75 8 ±1 9 
3 5 ±0 2 
2 9 ± 0 2 
21 3 ± 0 6 
58 ±2 1 
3 4 ±0 6 
51 6 ± 0 9 
48 2 ±0 9 
89 ±2 1 
10 μg/ml 
83 4 ±3 1 
83 0±1 8 
70 7 ±3 6 
4 1 ±0 2 
3 4 ± 0 2 
19 8 ±0 5 
55 ±1 8 
3 3 + 0 4 
55 8 ±0 8 
52 5 ±0 8 
88 ±1 8 
Table lb: Data for 24 hours capacitation time plus 1 hour exposure to Estradiol-17ß. 
E^Dose 
Motility (%) 
Velocity (μπι/sec) 
Linearity (%) 
ALHMx (μηι) 
ALHMn (μηι) 
BCF (Hz) 
%Normal (%) 
SAR (%) 
IAR(%) 
ARIC SCORE % 
%Live(%) 
0 μ£/ηι1 
68 7 ±5 2 
73 5 ±4 7 
55 8 ±4 0 
4 0 ± 0 2 
3 4 ± 0 1 
20 8 ±0 9 
64 ±1 5 
15 2 ±0 5 
58 6 ±0 6 
43 3 ±0 6 
82 ±1 8 
0.1 μg/ml 
68 5 ±2 1 
72 0 ±2 4 
68 2 ±2 3 
3 5±0 1 
2 9 ± 0 1 
21 6 ±0 7 
61 ±2 3 
13 0 ±0 3 
68 3 ±1 1 
55 3±1 1 
86 ±0 9 
1.0 μβ/πιΐ 
77 4 ±3 7 
69 7 ±3 1 
63 5 ±1 7 
3 8 ±0 1 
3 2 ±0 1 
19 9 ±0 4 
68 ±2 5 
12 2 ±0 2 
69 7 ±1 4 
57 5 +1 4 
85 ±1 4 
10 μ§/ιη1 
73 6 ±2 0 
79 5 ±3 3 
69 3 ±2 9 
3 8 ±0 2 
3 3±0 2 
23 9 ±0 5 
65 ±1 8 
1 3 2 ± 0 3 
73 5 ±1 0 
60 3±1 0 
86 ±1 1 
Table le: Data for 4 hours capacitation time plus 24 hours exposure to Estradiol-17ß. 
E2D0SÍ 
Motility (%) 
Velocity (μηι/sec) 
Linearity (%) 
ALHMx (μπι) 
ALHMn (μπι) 
BCF (Hz) 
%Normal (%) 
SAR (%) 
IAR (%) 
ARIC SCORE % 
%Live(%) 
0 μβ/ηι! 
68.7 ±5.2 
73.5 ±4.7 
55.8 ±4.0 
4.0 ±0.2 
3.4 ±0.1 
20.8 ±0.9 
64 ±1.5 
15.2 ±0.5 
58.6 ±0.6 
43.3 ±0.6 
82 ±1.8 
0.1 μ^ιηΐ 
73.8 ±1.6 
70.1 ±3.3 
60.7 ±3.9 
3.8 ±0.2 
3.2 ±0.2 
20.7 ±0.7 
68 ±2.1 
15.0 ±0.3 
67.0 ±0.8 
52.0 ±0.8 
84 ±1.5 
1.0 μ^πιΐ 
75.3 ±2.2 
70.0 ±3.4 
67.1 ±3.4 
3.5 ±0.1 
2.9 ±0.1 
20.6 ±0.6 
65 ±1.8 
13.5+0.4 
71.2 ±1.3 
57.7 ±1.3 
84 ±1.4 
10 μ%/πι\ 
76.2 ±2.3 
73.2 ±2.1 
58.1 ±2.4 
4.2 ±0.1 
3.6 ±0.1 
22.0 ±0.6 
61 ±2.2 
12.3 ±0.4 
73.4 ±1.5 
61.1 ±1.6 
86.1 ±1.2 
All values are means ± SEM 
Figure 2. Effects of E¿ on Spontaneous and Induced Acrosome Reaction 
SAR:4hrs IAR:4hrs SAR:24hrs IAR:24hrs SAR:24+4hr IAR:24+4hr 
SAR = Spontaneous acrosome reaction 
IAR = Ionophore-induced acrosome reaction 
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Figure 3. Effects of E 2 on the ARIC Score 
A 
CONTROL 
С 
0.1 ug/ml 
E 
1 ug/ml 
G 
10 ug/ml 
4hrs 24hrs 24 pre + 4 hrs 
Discussion 
It has been reported that E2 concentrations in follicular fluid are increased in follicles from which 
mature oocytes have been obtained (Suchanek et al, 1990) and that such oocytes are more likely to 
undergo successful monospermic fertilization (Laufer et al, 1984). Further, Sjoblom et al (1986), 
demonstrated that E2 may be implicated in sperm adhesion and sperm-zona binding in mouse IVF. We 
know that E2 is present in seminal fluid and in the female reproductive tract, including the cervical 
mucus (Tea et al, 1976; Blasco and Wolf, 1977) and follicular fluid (Kemeter et al, 1975; Edwards et 
al, 1972); further, a specific sperm membrane E2 receptor has been demonstrated (Cheng et al, 1981) 
and also that E2 exerts a stimulatory effect on sperm progressive motility as well as oxygen and 
substrate utilization (Cheng and Boettcher, 1979; Hicks et al, 1972). However, the first report dealing 
with the effects of E2 on fertilization was performed by Chan et al (1983), who demonstrated that E2 
stimulated oocyte penetration rates in the zona-free hamster oocyte penetration assay in both fertile and 
infertile males, thereby indicating that the use of E2 in a clinical IVF/IUI situation could possibly have 
value in improving fertilization rates in vitro. 
Previously we have reported that P(progesterone) has no effect on the spontaneous or ionophore-
induced (SAR, IAR) acrosome reactions, nor the ARIC score, of normal human spermatozoa incubated 
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under capacitating conditions. Here we have attempted to contrast our data with that obtained from a 
parallel study with E2, another major constituent of pre-ovulatory follicular fluid. In contrast to P, we 
found that E2 significantly potentiated the IAR, whilst failing to induce an effect on the SAR. Further, 
the IAR effect was greatest after a minimal period of sperm capacitation, i.e. 4 hours, thereby 
confirming our hypothesis that E2 could be implicated as the potentiating agent in sperm-zona binding. 
Interestingly, we found no induction of the SAR, thereby confirming that the presence of this steroid in 
the female reproductive tract would not trigger a spontaneous AR thereby precluding the spermatozoa 
from binding to the zona pellucida of a mature oocyte. This would seem to be an encouraging factor for 
the application of E2 in the advanced reproductive techniques. Further, from earlier studies (Suchanek 
et al, 1994; Laufer et al, 1984) we see that E2 is implicated in maturation of the oocyte-corona-
cumulus-complex; this would raise the question as to whether it would have the same effect on the 
nuclear maturation of human spermatozoa. 
From our previous work with follicular fluid (FF)(unpublished data) we find that FF does induce the 
spontaneous AR after prolonged incubation times (24 hours in vitro), and this is contrary to our 
observations with E2 and P. Further, we found that the AR inducing properties of FF were ablated by 
subjecting the FF to charcoal-stripping. Thus, the question remains as to the precise nature of the AR 
inducer present in follicular fluid; if it is not E2 or Ρ alone which are causing these effects, maybe we 
need to examine synergistic actions between these two hormones and other substances (ie. cytokines 
and growth factors) present in follicular fluid. 
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Chapter 4 
Applications of the Assay in Fertility Screening 

4.1 "Nothing predicts like CD46": High fertilization prediction by flow cytometric 
analysis of the CD46 antigen on the inner acrosomal membrane of spermatozoa 
J. A. Carver-Ward, J. M. G. Hollanders, K. A. Jaroudi and M. Einspenner. 
Human Reproduction 1996; 11: In Press. 
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Abstract 
The study was set up to determine the relationship between the human sperm acrosóme reaction and 
fertilization in couples undergoing routine IVF treatment Prospective data analysis of was carried out 
on all IVF patients during over a 6 month period Exceptions were those patients having insufficient 
sperm concentration to allow both acrosome reaction determination and insemination 
The main outcome measures were the prediction of fertilization in IVF patients using flow cytometric 
analysis of the spontaneous and ïonophore-induced acrosome reaction (giving the ARIC score) in the 
male partner's spermatozoa versus standard analytical methods of sperm motion parameters and 
morphology Stepwise logistic regression indicated only two independent factors predictive of 
fertilization ARIC score (chi-square = 109 6, P < 0 0001) and post-Percoll %motihty (chi-square = 
8 8, /><0 003) 92% of patients with an ARIC score of > 10 had more than 30% of oocytes fertilized 
100% of patients with an ARIC score of < 10 had less than 30% fertilization of oocytes The sensitivity 
and specificity of the assay system was 1 00 and 0 82 respectively The results would indicate that the 
ARIC test as measured by flow cytometric analysis of CD46 binding is a sensitive and specific assay 
for use in the prediction of fertilization in IVF patients, thus enabling direct channeling of those patients 
with ARIC scores of less than 10 into the more invasive microassisted fertilization schemes 
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Introduction 
Recently we reported a novel assay technique for the objective quantitation of the spontaneous and 
îonophore induced acrosome reaction in human spermatozoa (Carver-Ward et al, 1994) The principle 
of the technique depends upon the binding of the CD46 antibody to the corresponding antigen present 
only on the inner acrosomal membrane of human spermatozoa, thus, expression and detection of the 
antigenic determinant can only be measured after the spermatozoa has undergone the acrosome reaction 
(D'Cruz and Haas, 1992) Work conducted by several authors (Andersen et al, 1993, Liszewskj et al, 
1991) show that CD46 (Membrane Cofactor Protein/TLX Antigen/HuLy-m5) is a C3b/C4b-binding cell 
surface glycoprotein acting as an inhibitor of complement activation on cells CD46 is one of six 
proteins of the RCA (regulators of complement activation) gene cluster which inhibit activation of 
complement through interaction with fragments of C3 and/or C4 CD46 is present on a wide range of 
membranes ι e all peripheral blood cells (with the exception of erythrocytes), epithelial, endothelial 
and fibroblast cells, trophoblastic tissue, and spermatozoa Fenichel et al, 1989, identified that a 
monoclonal antibody (GB24) to CD46 bound to spermatozoa in the region of the equatorial segment and 
the inner acrosomal membrane, and only if the spermatozoa had undergone the acrosome reaction A 
possible role for the presence of CD46 on the inner acrosomal membrane of human spermatozoa was 
presented by Anderson et al, 1993 Briefly, the function of CD46 on human sperm inner acrosomal 
membranes is to protect the spermatozoa from complement-mediated lysis Further, antibodies binding 
to CD46 inhibit sperm penetration of hamster ova in the zona-free hamster oocyte penetration assay 
Thus, it would appear that there is a role for CD46 in gamete interaction, based on the hypothesis thai 
C3b binds to both a C3 receptor on the oolemma and to a C3b binding protein (ι e CD46) on the 
equatorial segment of an acrosome reacted spermatozoa (Cervoni et al, 1992) 
By assessing this binding potential using flow cytometry, rapid assessment of large numbers of 
spermatozoa with regards to viability and acrosomal status is possible, thereby eliminating possibilities 
of measuring the 'false' acrosome reaction - a parameter often overlooked in other methodologies 
(Pampighone et al, 1993, Cummins et al, 1991, Takahashi et al, 1992, Payne et al, 1994, Calvo et al, 
1994a, 1994b) Takahashi et al (1992) described the kinetics of the acrosome reaction and correlated 
the results with fertilization in IVF cycles However, the study only examined the spontaneous 
acrosome reaction over a period of time, rather than looking at the inducible acrosome reaction, which 
is possibly more related to sperm function Conversely, Pampighone et al (1993) found a good 
correlation between the lonophore induced acrosome reaction and fertilization in IVF This is in 
agreement with Aitken et al (1993) who studied the effects of lonophore in enhancement of the hamster 
oocyte penetration assay and concluded that a group of 'poor responders' were also 'poor hamster egg 
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penetrators'. Thus, the ability of spermatozoa to undergo the acrosome reaction would appear to be 
vital to sperm-zona binding in the human and mouse (Wassarman, 1987), and absence of an acrosome 
reaction would point to a poor prognosis for IVF (Calvo et al, 1994b). 
Further work by Brandelli et al, 1995, demonstrated prediction of fertilization by utilizing N-
acetylglucosamine-neoglycoprotein (GlcNAc) in comparison with calcium ionophore, and found no 
significant differences between the two acrosome reaction inducers. Also, use of the assay in defining 
prediction of fertilization in IVF cycles was encouraging, but demonstrated high false positive and false 
negative rates (9% and 22% respectively). However, the number of patients included in the study was 
quite small. Further, the study was performed utilizing a fluorescent slide assay technique and also did 
not take into account the live/dead populations of spermatozoa. The use of flow cytometric analysis has 
been well investigated by Tao et al, (1993), in examining the binding of a monoclonal antibody, MH61, 
to the sperm inner acrosomal membrane. Tao et al (1993) also demonstrate the necessity of utilizing a 
supravital stain concomitant with the flow cytometric analysis However, it is still uncertain whether 
this antibody is specific for the CD46 antigenic determinant expressed on the inner acrosomal 
membrane of acrosome reacted spermatozoa. In contrast, Ohashi et al, 1995, demonstrated a simple 
assay for the acrosome reaction utilizing Acrobeads (latex beads coated with MH61 antibody); 
however, again the assay, although giving good correlation with the sperm penetration assay as well as 
IVF fertilization rates, was based upon subjective analysis and lack of a supravital stain. 
In the study presented here, we have assessed the spontaneous and ionophore induced acrosome 
reactions immediately prior to oocyte insemination in normal IVF cycles and have correlated these data 
with the outcome of fertilization. This approach was taken in order to eliminate any variability between 
semen specimens i.e. by assessment of the sperm population used for insemination Also, by utilizing 
flow cytometry we were able to analyze a minimum of 5000 spermatozoa per patient (instead of the 
usual 100-200 assessed when using the fluorescent slide assays), thereby providing a sensitive and 
wholly objective analysis of sperm status (Carver-Ward et al, 1994), along with isolation (and removal 
from the analysis) of the dead and dying spermatozoa. Concomitant analysis of all other sperm 
parameters was also carried out (motility parameters) by computer aided semen analysis, and sperm 
morphology by strict criteria (Kruger et al, 1986) in order to cross-correlate the acrosome reaction with 
other parameters in relation to fertilization outcome. 
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Materials and Methods 
Reagents & Stock Solutions 
Calcium lonophore (A23187) was obtained from Sigma Chemical Co, St Louis, MO, USA A stock 
solution of 5 raM in dimethylsulphoxide (DMSO, Sigma) was stored at -40°C in 0 2 ml aliquots The 
same batch was used throughout the protocol A working stock was obtained by diluting the stock 1 10 
in HTF media (Human tubal fluid media) as previously described (Carver-Ward et al, 1994) Bovine 
Serum Albumin, fraction V, low endotoxm, was obtained from Irvine Scientific, Santa Ana, CA, USA 
Anti-human CD46 monoclonal antibody (AMAC Ine , Westbrook, ME, USA), FITC-conjugated goat 
anti-mouse Ig (Becton Dickinson, San Jose, CA, USA), and ethidium bromide (Sigma) were also made 
up as previously described (Carver-Ward et al, 1994) 
Sperm Preparation 
Semen specimens were obtained from patients undergoing IVF treatment at the time of oocyte retrieval 
All specimens were collected by masturbation into sterile containers after 72 hours of sexual abstinence 
All specimens were processed within 1 hour of collection, and aliquots processed for flow cytometry 
immediately prior to oocyte insemination Semen analysis was carried out using the Makler chamber 
(Sefi Medical Instruments, Haifa, Israel) in conjunction with a CASA system (Cellsoft 2000, Cryo 
Resources Ltd , New York, NY, USA) 
All specimens were prepared by a modification of the standard Percoli separation technique(Dravland 
and Mortimer, 1985, Carver-Ward et al, 1994) Briefly, 0 5 ml of 95% and 47 5% Percoli were gently 
layered into 15 ml conical centrifuge tubes Between 0 3 and 1 0 ml of liquefied semen was gently 
layered onto each gradient and the whole centrifugea at 350 g for 20 minutes Resulting sperm pellets 
were made up to 5 ml with HTF-BSA (Quinn et al, 1985) and centnfuged for 10 minutes Resulting 
pellets were made up to 0 2 ml with HTF-BSA and incubated in 5% CO2, at 37CC until time of 
insemination All semen parameters and morphological analysis (Kruger et al, 1986) were measured on 
fresh, post-preparation and pre-insemination (for ease of analysis, post-Percoll will henceforth refer to 
the pre-insemination sample) specimens An aliquot of approximately 200,000 spermatozoa was taken 
for acrosome reaction testing 
156 
Assessment ofARIC (Acrosomal response to lonophore challenge) score 
The pre-insemination aliquot of spermatozoa was treated as previously described (Carver-Ward et al, 
1994) The time interval between post-Percoli preparation and oocyte insemination was approximately 4 
hours (Jaroudi et al, 1994) Briefly, the aliquot was divided equally between two tubes and each portion 
made up to 0 5 ml with HTF-BSA To portion A was added 10 μΐ of HTF-BSA, and to portion В was 
added 10 μΐ of calcium lonophore (final dilution 10 μΜ) Each tube was capped lightly and incubated at 
37cC/5% CO2 for 45 minutes At the end of this period, each was made up to 6 ml with HTF-BSA and 
centrifugea at 300 g for 10 minutes Supematants were aspirated and the wash repeated Fmal pellets 
were made up to 0 5 ml and taken for flow cytometric analysis 
NB It should be noted that no diluent controls were utilized in this study (DMSO as diluent for the 
calcium lonophore) Preliminary studies (unpublished observations) indicated that the final dilution of 
DMSO to be present in the sperm incubation sample was approximately 0 5% and demonstrated no 
effect on sperm viability, motility, morphology, or the acrosome reaction, as compared to untreated 
(culture media only) controls, after testing on 150 routine semen specimens 
Flow Cytometry 
Spermatozoa suspensions were made up to 2 0 ml with PBS and centnfuged at 500 g for 5 minutes 
Pellets were resuspended in 20 μΐ reconstituted anti-human CD46 monoclonal antibody (final 
concentration = 10 μg/ml) Tubes were incubated at RT (room temperature) for 30 minutes followed 
by centrifugación, as above, with 2 ml PBS (phosphate buffered saline, Sigma) Supematants were 
discarded and 4 μΐ FITC-conjugated goat anti-mouse Ig was added to each 0 1 ml pellet Suspensions 
were incubated for 30 mm at RT in the dark, followed by two washes in PBS (as above) Final pellets 
were resuspended in 1 ml PBS and analyzed on the FACScan flow cytometer (Becton Dickinson 
Immunocytometry Systems, San Jose, CA, USA) Immediately before analysis, 20 μΐ ethidium bromide 
(50 μg/ml) was added to give a final concentration of 1 μg/ml, in order to stain any dead or dying 
spermatozoa and thereby allow 'gating' to remove these 'false acrosome reactions' from the data pool 
Data were collected and analyzed as previously described (Carver-Ward et al, 1994), a minimum of 
5000 spermatozoa were analyzed for each sample 
ARIC score (acrosome response to lonophore challenge) was calculated by subtracting the spontaneous 
acrosome reaction from the lonophore induced acrosome reaction 
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Ovarian Stimulation 
This was earned out as previously described (Jaroudi et al, 1993) Transvaginal oocyte retrievals were 
carried out 34 hours after hCG administration Oocytes were cultured for approximately 4 hours prior 
to insemination with 80-100,000 spermatozoa, (Jaroudi et al, 1994) Only mature oocytes, according to 
the criteria of Veeck (1986), were included in the study 
Statistical Analysis 
The results are expressed as mean values ± SD (standard deviation) The fertilization rates were 
compared using the Chi-square test Comparison between groups was performed using the Mann-
Whitney test Because there was no linear relationship between semen parameters, ARIC scores and 
fertilization rate per cycle, Spearman correlation coefficients were utilized to test the correlation 
between sperm parameters and fertilization rate, stepwise logistic regression analysis was used to 
determine which of these parameters would independently predict the probability of fertilization A 
level of P < 0 05 was considered significant 
Continuous variables (ARIC score and post Percoli motility) were dichotomized since their relationship 
with outcome (probability of fertilization) was better approximated by a binary rather than a linear 
function The selection of threshold values for dichotomization was carried out using a modified 
receiver operating characteristic (ROC) curve analysis (Silverberg et al, 1991) In this method, the sum 
of the true positive rate and true negative rate is plotted as a function of different threshold values of a 
continuous variable The cut off points for dichotomization correspond to the peaks of such plots The 
ARIC score was classified as negative if less than or equal to 10 and positive if greater than 10 
Motility was classified as negative if less than 50%, and positive if greater than 49% 
Results 
A total of 33 ARIC negative cycles achieved an average fertilization rate per cycle of 3 9% ± 8 0 This 
was significantly lower than 96 ARIC positive cycles with a fertilization rate per cycle of 73 9% ± 
26 1 (/><0 00001) 
Except for ARIC scores, all sperm parameters of pre-, post-preparation and post-Percoll(pre-
ìnsemination) preparations were analyzed None of the pre Percoli or post-preparation parameters had 
any correlation with fertilization (data not shown), only post-Percoll (pre-insemination) data are 
presented 
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Table 1 demonstrates the correlation between the tested sperm parameters and fertilization rate 
The sperm parameters which correlated with fertilization (ARIC score, motility, normal morphology, 
concentration, and maximum amplitude of lateral head displacement) were entered as independent 
variables in a stepwise logistic regression analysis to formulate a model that would predict fertilization 
The step selections were based on the maximum likelihood method 
Logistic regression analysis indicated only two independent factors on fertilization ARIC score (chi 
square = 109 6, P< 0 0001) followed by post-Percoll motility (chi-square = 8 8, /><0 003), their 
presence provided significant improvement over the model with no parameters other than the constant 
The 129 treatment cycles (consisting of 129 individual, non-repeated patients) were categorized as 
follows 63 were male factor, 52 tubal factor, and 14 unexplained infertility Of the 63 male factor 
cycles, 28 were ARIC negative and 35 were ARIC positive The ARIC positive and negative male 
factor cycles were comparable with respect to sperm parameters and number of oocytes inseminated 
(Table 2) Male factor was defined as described previously (Jaroudi et al, 1994) - briefly, this consisted 
of a minimum of 3 previous semen analyses exhibiting one or more of the following criteria an average 
sperm density of less than 20 million/ml, average motility less than 40% (WHO, 1993), and average 
abnormal morphology more than 86% according to Kruger et al, 1986 Although sperm parameters 
were comparable, including motility, ARIC positive male factor 35 cycles gained a significantly higher 
average fertilization rate per cycle than the ARIC negative 28 male factor cycles (61 3% ± 29 4 and 
4 6% ± 8 5 respectively, ζ = 6 О, Я<0 0001) Table 3 illustrates the number of oocytes inseminated 
and fertilized in tubal, male, and unexplained infertility In the unexplained infertility group, 3 cycles 
which had negative ARIC scores had 0% fertilization (46 oocytes), whilst in the 11 ARIC positive 
cycles, the fertilization rate was 75 2% 
A receiver operating characteristic (ROC) curve was constructed for ARIC score and motility (figure 
1), the area of ARIC score was significantly greater than that of motility ( P < 0 0003) 
As shown in Figure 2, 92% of patients with a positive ARIC had more than 30% of oocytes fertilized, 
giving a positive predictive value of 0 92, whilst 100% of patients with a negative ARIC failed to 
achieve more than 30% fertilization, giving a negative predictive value of 1 Further, out of those 
patients who achieved >30% fertilization, 100% had a positive ARIC, giving a sensitivity of 1, out of 
those patients who failed to achieve >30% fertilization, 82 5% had a negative ARIC, giving a 
specificity of 0 82 Also, the relative risk statistic (RR) was calculated from figure 2 giving a score of 
13 (chi square = 99 6, confidence interval for RR = 8 to 21) thus, the patients with an ARIC of more 
than 10 have 13 times greater chance of achieving greater than 30% fertilization 
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Table 1: Correlation between fertilization and sperm parameters 
Parameter r* Ρ value 
Acrosome reaction (%) 
Motility (%) 
Concentration χ 10° 
Mean amplitude of 
lateral head 
displacement (μΐη/sec) 
Maximum amplitude of 
lateral head 
displacement (μιη/sec) 
Beat cross frequency 
Linearity (VCL) 
Normal morphology (%) 
Velocity (/im/sec) 
0.68 
0.46 
0.36 
0.05 
0.12 
-0 04 
-0.17 
0.37 
0.09 
Ρ < 0.0001 
Ρ < 0 0001 
Ρ < 0.001 
NSt 
Ρ < 0.04 
NS 
NS 
Ρ < 0.001 
NS 
•Spearman correlation coefficient between sperm parameters and oocyte fertilization rate 
tNot statistically significant 
Table 2: ARIC score negative and positive male cycles 
Negative* (N = 33) Positive (N = 96) 
Oocytes 
Motility (%) 
Concentration χ 10° 
Mean amplitude of lateral 
head displacement (μιη/sec) 
Maximum amplitude of 
lateral head displacement 
(μιη/sec) 
Beat cross frequency 
Average linearity (VCL) 
Normal morphology (%) 
Average velocity (μιη/sec) 
9.4 ± 4.4 
43.7 ± 17.5 
31.1 ± 35.1 
2.5 ± 0.7 
3.2 + 08 
16.4 ± 3.0 
51.1 ± 1.4 
58.9 ± 14.0 
53.4 ± 1 6 5 
9.2 ± 6.0 
50.6 ±26.1 
77.0 ± 107.8 
2.3 ± 0.6 
3.0 ± 0.7 
15.6 ± 2.5 
45.5 ± 1.2 
52.0 ± 16.5 
50.5 ± 12.6 
*No significant difference between the two groups. 
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Table 3: Number of oocytes retrieved and fertilized in relation to acrosome reaction 
Factor 
AR* cycles 
Oocytes 
Retrieved 
Oocytes 
Fertilized 
Tubal 
Positive 
(50)* 
462 
360 
(77.9)t 
Tubal 
Negative 
(2) 
11 
0 
Male 
Positive 
(35) 
323 
166 
(51.4)* 
Male 
Negative 
(28) 
265 
11 
(4.1) 
Unexplained 
Positive 
(11) 
89 
67 
(75.3)§ 
Unexplained 
Negative 
(3) 
46 
0 
(0) 
*Acrosome reaction. 
YValues in parentheses are numbers of patients (N) 
tValues in parentheses are percentages of fertilized oocytes. 
¿Significantly different from male cycles with negative acrosome reaction, P<0.0001 
§Significantly different from unexplained cycles with negative acrosome reaction, Ρ< 0.0001. 
Figure 1. ROC curve for ARIC score and motility 
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Fertilization Rate 
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90 100 
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Figure 2. Two way table for IVF cycles in relation to ARI С score 
Number of Cycles 
Group A (Fert<30%) 
Group В (Fert>30%) 
Group Total 
ARIC < 10 
33 
0 
33 
ARIC > 10 
7 
89 
96 
Total 
40 
89 
129 
Discussion 
In this study we have shown that the ìonophore-induced acrosome reaction of human spermatozoa may 
be used to predict the outcome of fertilization in IVF cycles As stated previously, several authors 
(Andersen et al, 1993, Liszewski et al, 1991) have demonstrated that CD46 antibody specifically binds 
to the CD46 antigenic determinant present on the inner acrosomal membrane of spermatozoa, and this 
antigenic determinant is only expressed after the spermatozoa have completed exposure of the inner 
acrosomal membrane (ι e the acrosome reaction) Further, it is thought that the presence of this 
antigenic determinant protects the spermatozoa from complement-mediated lysis during its passage 
through the zona pellucida and the penvitelline space of a mature oocyte (Andersen et al, 1993, 
Cervoni et al, 1992, Liszewski et al, 1991) We previously defined an assay system based upon flow 
cytometric analysis of CD46 antibody binding to the inner acrosomal membrane of acrosome reacted 
spermatozoa (Carver-Ward et al, 1994) in agreement with D'Cruz and Haas (1992) and have extended 
the study to develop a screening assay for use in prediction of fertilization 
The results presented demonstrate that the cut-off point for the ARIC score is 10, giving highly 
significant positive predictive and negative predictive values as well as high specificity and sensitivity 
The cut-off point was decided after examining the dichotomized data and the ROC curve - the curve 
expressing %AR can be seen to be highly linear around the value of 10% (Figure 1) thereby indicating 
that this point should be the deciding factor when defining positive and negative values Conversely, the 
curve expressing %motihty can be seen to have no expressly defined cut-off point - the cut-off may be 
arbitrarily assigned to the 50% motility value Further, previous work indicates that the normal range 
for normal fertile patients, with respect to ARIC score is usually greater than 20%, with values between 
10 and 20% being inconclusive, depending upon the assay system (Carver-Ward et al, 1994, 1996, 
Brandelli et al, 1995, Cummins et al, 1991) Obviously, long term multi-centre studies need to be 
conducted in order to define the actual precise range of the ARIC score, with the appropriate 95% 
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confidence limits, in individual normal fertile males, in order to be able to firmly identify the patients 
for whom routine IVF would be unsuitable, if it were to be solely based upon the use of acrosome 
reactivity alone Thus, the virtue of conducting this assay as a predictor of fertilization would appear to 
be valuable, especially where failure of, or low, fertilization cannot be anticipated ι e in light of the 
presence of normal semen parameters For example, 33 of the cycles exhibited a negative ARIC score, 
which could not be distinguished otherwise (Table 2), therefore, these patients could immediately be 
excluded from IVF treatment and pass directly to the advanced micromanipulation techniques available, 
such as intracytoplasmic sperm injection (ICSI), thereby reducing the need to offer IVF screening 
cycles to patients Further, the same analysis could be applied to those patients undergoing IUI 
treatment, especially in cases of unexplained infertility where repeated failure of conception could thus 
be attributed to ал abnormal or subnormal acrosome response - the unexplained infertility patients with 
a negative ARIC score had 0% fertilization When used in conjunction with the assisted reproductive 
technologies, the method we describe gives a positive predictive value of 0 92 ι e the possibility of 
greater than 30% fertilization occurring in a given IVF cycle is predictable in 92% of cases, when 
based on ARIC score at the time of insemination The 30% cut off for fertilization is based on our own 
criteria for patient treatment ι e those patients achieving less than 30% oocyte fertilization in a 
previous cycle will be immediately offered ICSI rather than a further cycle of IVF, especially in those 
cases whose semen parameters are within the normal range Conversely, the negative predictive value 
ι e the possibility of less than 30% of oocytes achieving fertilization, is 1 00, or 100% Unlike other 
studies (Cummins et al, 1991, Calvo et al, 1994b, Liu and Baker, 1994, Albert el al, 1992) we 
preferred to examine the population of spermatozoa used for insemination purposes, primarily to reduce 
the possibility of variability in a given patients' ARIC score, secondarily to allow precise correlation 
between ARIC score and fertilization Further, concomitant examination of sperm viability, as 
performed in our assay, and the acrosome reaction by flow cytometry allows precise and objective 
quantitation of a minimum of 5000 spermatozoa, thereby ruling out the 'false' acrosome reaction 
displayed by dead or dying spermatozoa Thus, in contrast with other studies (Pampighone et al, 1993, 
Takahashi et al, 1992, Payne et al, 1994, Liu and Baker, 1994) we have discarded the lectin assays in 
favour of flow cytometric analysis using CD46 antibody binding to the inner acrosomal membrane As 
reported by Taylor et al (1994), CD46 plays an essential role in the process of sperm-oocyte fusion at 
the region of the oolemma, as explained above, possibly preventing premature sperm destruction 
(Andersen et al, 1993) Thus, in detecting patients who are unable to respond to an acrosome reaction 
inducer, either pharmacological or physiological, we may immediately propose such patients for the 
more invasive treatments such as ICSI Thus, we would remove futile cycles from the treatment 
protocols thereby improving and enhancing patient care, as well as increasing chances of obtaining 
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successful fertilization and embryo development. 
Studies are in progress to examine variability in ARIC scores longitudinally i.e. in subsequent cycles of 
IVF, especially where previous fertilization failure has occurred, to examine whether the defective 
acrosome reaction is a temporary and/or reversible anomaly 
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4.2 Clinical applications of the assay system 
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The flow cytometric assay system for the analysis of the acrosome reaction can be seen to be a 
sensitive, objective, and reproducible system for the detection and quantitation of the human sperm 
acrosome reaction As demonstrated in Chapter 4 1, the assay gives a high positive predictive value for 
fertilization in IVF patients - an obvious extension of this system would to be to apply the assay to 
patients undergoing therapeutic AIH for unexplained infertility 
The value of the assay, with respect to the advanced reproductive technologies, especially SUZI and 
ICSI, means that patients would no longer have to be subjected to 'diagnostic' IVF procedures prior to 
being considered for an ICSI program It may be envisaged that this would greatly enhance patient 
care, especially with respect to waiting times, and would also enable more rapid screening of the 
unexplained infertility population, especially of those patients with long-standing infertility Further, it 
could be anticipated that many of the present screening tools could be reserved for more obstinate cases 
of infertility ι e the hamster oocyte penetration assay However, the cost savings would be minimal, if 
at all, due to the high set-up costs of even the most basic dual channel flow cytometer Thus, the assay 
initially would be limited to institutions already utilizing such technology for clinical or research 
purposes 
As stated by Guzick, (1995), it is essential to adequately monitor any tests used for discrimination and 
identification between fertile and infertile couples and ensure that any abnormality detected is firmly 
related to the infertility, therefore, one could not definitely advocate the disposal of any assay technique 
at the present time, as all may be valuable (albeit to a limited degree) in the final definition of 
infertility 
One notable limitation of the flow cytometric assay system, as opposed to the fluorescent microscopy 
techniques, is the fact that the system only detects the level of fluorescence in a given population of 
spermatozoa ι e there is no discrimination between the discreet stages of the acrosome reaction 
However, on examining the results in the clinical trial (Chapter 4 1), and the high levels of 
predictability of the system, it is possible that the issue of 'acrosome reaction stage discrimination' is 
purely an academic one and not of clinical significance 
Finally, it is hoped that multi-centre trials could be established to further validate the use of the assay in 
different populations - as stated in Chapter 3 2, there is no international concensus regarding the 
performance of the fluorescent lectin assays, and it is hoped that the flow cytometric analysis may be 
able to circumvent this problem 
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5.1 Summarizing Discussion 
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A major problem m fertility screening is the lack of a common consensus of opinion regarding the 
correct parameter for assessing the fertilizing ability of human spermatozoa in an in vitro situation. The 
majority of work has been earned out on sperm motility parameters and morphological defects in 
attempts to find a good predictor of fertilization (Jaroudi et al, 1994, Kruger et al, 1986 and 1988, 
Polansky and Lamb, 1988), whilst others have examined the sperm's ability to penetrate zona-free 
hamster oocytes (Yanagimachi, 1989) Perhaps the most challenging of the assay systems in existence 
today is the in vitro acrosome reaction assay However, there appears to be no common consensus 
regarding a standardized methodology for the technique Therefore, the development of a novel assay 
system by which to assess the human sperm acrosome reaction was of primary importance as a starting 
point for this thesis Chapter 2 1 describes the establishment of a rapid, objective and reproducible 
assay for the detection of the spontaneous and lonophore-mduced acrosome reaction Establishment of 
this assay allowed a diverse selection of related studies to be carried out, ranging from differentiating 
between sperm population selection techniques (Chapter 2 2) through to prediction of fertilization in 
IVF (Chapter 4 1) The use of flow cytometry serves to remove the subjectivity of the previous assay 
systems and also enables assessment of a large (>5000) number of spermatozoa within a given 
population without significant error and a low coefficient of variation within the assay and between 
assays (Fenichel et al, 1989) 
In order to confirm the correlation of the assay with the true acrosome reaction it was necessary to 
perform an immunologic study whereby the actual binding of the CD46 antibody to precise areas of the 
inner acrosomal membrane (Chapter 3 1) This was performed by utilizing colloidal gold enhancement 
of the CD46 antibody bound to the CD46 antigenic determinant Interestingly, observations by both 
transmission and scanning electron microscopy demonstrated that the presence of the CD46 antigenic 
determinant was not homogeneously distributed over the inner acrosomal membrane as was first 
anticipated, rather, the majority of binding sites appeared to be located on the equatorial segment, with 
scanty sites present on the inner membrane itself, plus a greater concentration of sites at the apex of the 
inner acrosomal membrane This would appear to be in agreement with the hypothesis of Wassarman, 
1988, in implying a role for the equatorial segment in sperm-zona binding and subsequent gamete 
fusion 
Current assay systems in use are based upon fluorescence microscopic techniques, which as previously 
mentioned are laborious and subjective Further, there is no worldwide agreement as to the correct 
protocol for screening purposes In order to validate the CD46 flow cytometric assay system it was 
decided to compare the antibody with some of the more popular lectins in current use (PSA, ConA, and 
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PNA) It was anticipated that at least one of the chosen lectins would give the same or similar binding 
to the CD46 antibody (Chapter 3 2) Results of the assays were, however, surprising, the only lectin 
which gave a similar response was PNA Further, it was noted that the comparison was only able to be 
made with unfixed and non-permeabihzed spermatozoa, thereby enabling concomitant assay of 
viability Our findings indicated that the only reliable lectin to use, without compromising sperm 
viability and membrane integrity, was PNA We have shown that this particular lectin binds in a similar 
manner to CD46 antibody ι e to the inner acrosomal membrane of acrosome reacted spermatozoa, and 
is specific for this membrane (due to the low level of binding seen on non-acrosome reacted 
spermatozoa) Thus, PNA is capable of differentiating the acrosome reacted spermatozoa from a given 
population Further research is necessary to redefine acceptable limits for scoring an acrosome reaction 
measured by PNA, since the ìonophore-induced acrosome reactions and the ARIC scores are essentially 
of a lower magnitude than those seen with CD46 It may be argued that in referring to the CD46 assay 
system as the 'gold standard' we are assuming that the CD46 antigenic determinant is the true indicator 
of the acrosome reaction, but, as we see later, the assay gives a very high predictive value for 
fertilization in an IVF setting, which can be taken as a true validation of the assay system 
The first application of the assay system was in examining the acrosome reaction of sperm populations 
after separation of the motile fraction either by the multiple-tube swim-up technique or by Percoli 
density gradient centrifugaron (Chapter 2 2) Initially it was anticipated that based on motility alone, 
the populations should be similar with respect to their spontaneous and ìonophore-induced acrosome 
reactions However, subsequent analysis of data demonstrated that not only did the Percoli treated 
spermatozoa exhibit a lower spontaneous acrosome reaction than those treated with the swim-up 
technique (approximately 5% compared to approximately 10%), but also a significant (P<0 01) 
increase in the ARIC score (acrosome response to lonophore-challenge - calculated by subtracting the 
spontaneous value from the induced value) Thus, the advantages of using Percoli rather than the swim-
up technique were evaluated and in agreement with Jaroudi et al, 1993, ι e that Percoli separation 
selects spermatozoa on the basis of density (which is related to the degree of nuclear condensation and 
hence a measure of maturation) and morphological normality rather than by progressive motility alone 
Further studies went on to examine the effects of various reported acrosome reaction inducers as 
validated by the CD46 assay system Firstly pentoxifylline fluid was examined for its in vitro effects on 
the acrosome reaction (Chapter 3 3) Results demonstrated that although pentoxifylline did potentiate 
the acrosome reaction, it did so only under the influence of the inducer A23187 Secondly, follicular 
fluid was examined at various incubation times and concentrations, either alone or after pre-treatment 
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of spermatozoa with A23187 (Chapter 3 4) As discussed previously, it is not clear why one would 
assume that follicular fluid would induce the acrosome reaction due primarily to the concentration 
which the oocyte would be exposed to, and secondarily that if the fluid present were sufficient enough 
to induce the acrosome reaction then the spermatozoa affected would be incapable of binding to and 
fusing with the zona pellucida (Wassarman, 1987) From the assay it was found that follicular fluid did 
induce the spontaneous acrosome reaction but only with prolonged co-incubation, in agreement with 
Stock et al, 1989 However, effects on the ìonophore induced acrosome reaction were controversial, 
especially after 4 hours incubation in follicular fluid when a significant decrease in the acrosome 
reaction Interestingly, there were no differences between heat-inactivated follicular fluid and fresh 
fluid, whereas the use of charcoal-stripped fluid caused no spontaneous acrosome reaction as compared 
to fresh/heat-inactivated fluid, thereby leading us to the conclusion that the active substance could 
possibly be steroidal in nature 
In light of these findings it was decided to examine the effects of both progesterone and estradiol-17ß 
on the acrosome reaction (Chapters 3 5 and 3 6), using physiological follicular fluid concentrations of 
both hormones It was found that, in disagreement with earlier claims, neither of these hormones had 
any effect upon the spontaneous acrosome reaction of human spermatozoa However, estradiol-17ß was 
seen to potentiate the ìonophore-induced acrosome reaction in much the same way as the substance 
pentoxifylline Therefore, in light of the results seen with follicular fluid, we might conclude that 
estradiol-17ß is more likely to be the potentiator present in follicular fluid than is progesterone 
Finally, the assay system was utilized to predict the possibility of fertilization during IVF cycles 
(Chapter 4 1) The trial was carried out on patients undergoing an actual IVF cycle rather than assaying 
spermatozoa during a previous semen analysis It was felt that this approach would more accurately 
assess the same population of spermatozoa used for insemination purposes As seen from the data, the 
CD46 assay system is an excellent predictor of fertilization - giving positive and negative predictability 
It is worth noting that of all of the parameters analyzed, the only one of use in predicting fertilization 
was post-Percoll motility Thus, these results could indicate the demise of the andrological screening 
process as we know it today However, longitudinal testing and repeat analyses are required before any 
firm conclusions could be drawn (Chapter 4 2), especially with regards discarding of the present 
system The assay would be most useful in the pre-screening of patients for IVF and IUI purposes, or 
even for screening following failed fertilization due to unknown factors Where any test is used for 
diagnostic purposes or for screening purposes it is necessary that the results demonstrate high 
reproducibility and a low interassay coefficient of variation The assay system, as validated by the work 
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in this thesis, in combination with other sperm parameters, may assist in giving us a better indication of 
fertility than conventional techniques alone. 
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Samenvatting 
Omtrent de vraag, welke in vitro test voor de beoordeling van het bevruchtend vermogen van humaan 
semen het meest geschikt is, bestaat in de literatuur geen overeenstemming Onderzoek naar parameters 
die een goede voorspellende waarde hebben ten aanzien van fertilisatie, heeft veelal betrekking op 
motihteitskenmerken en morfologische afwijkingen (Jaroudi et al, 1994, Kruger et al, 1986 en 1988, 
Polansky en Lamb, 1988) Daarnaast is in dit verband onderzocht in hoeverre humane spermatozoa 
kunnen decondenseren in hamstereicellen waarvan de zona pellucida verwijderd was (Yanagimachi, 
1989) Wellicht vormt in vitro onderzoek van de acrosoomreactie heden ten dage de grootste uitdaging 
Over de methodologie waarop deze techniek uitgevoerd dient te worden, lopen de meningen echter 
uiteen De ontwikkeling van een nieuwe wijze van onderzoek van de in vitro acrosoomreactie was 
derhalve bij het tot stand komen van dit proefschrift een belangrijk uitgangspunt In hoofdstuk 2 1 
wordt een snelle, objectieve en goed reproduceerbare methode beschreven waarmee zowel de spontane, 
alsook de met behulp van ïonophoor geïnduceerde acrosoomreactie kan worden aangetoond Het 
ontwikkelen van deze test maakte het mogelijk om een aantal met elkaar verband houdende studies uit 
te voeren Hiertoe behoorde onderzoek naar de kwaliteit van semen bewerkingstechnieken (hoofdstuk 
2 2) alsook naar de voorspelling van fertilisatie bij IVF (hoofdstuk 4 1) Toepassing van flow 
cytometne maakt de methode bovendien aanzienlijk objectiever dan eerder beschreven testsystemen 
Tevens kunnen hiermee grotere aantallen spermatozoa tegelijk worden onderzocht, met lage intra- en 
interassay vanatiecoefficienten (Fenichel et al, 1989) 
Om aan te tonen dat er een correlatie bestaat met de werkelijke acrosoomreactie, was het noodzakelijk 
om met behulp van immunologisch onderzoek de bindingplaatsen van CD46 antihchamen op de 
binnenste acrosoommembraan aan te tonen (hoofdstuk 3 1) Versterking van deze binding van het 
CD46 antihchaam aan het CD46 antigeen kon worden verkregen door toepassing van colloidaal goud 
In tegenstelling tot wat tevoren werd verondersteld, lieten scanning en transmissie 
electronenmicroscopische opname's na toepassing van colloidaal goud zien, dat de antigene determinant 
niet gelijkmatig op de binnenste acrosoommembraan aanwezig was Het merendeel van de 
bindingsplaatsen bleek op het equatoriale segment gelokaliseerd, terwijl daarnaast een grotere dichtheid 
op de apex werd aangetroffen De binnenste acrosoommembraan zelf had slechts weinig 
bindingsplaatsen Deze bevindingen lijken in overeenstemming met de hypothese van Wassarman 
(1988), waarin een belangrijke rol aan het equatoriale segment wordt toebedeeld voor wat betreft de 
binding van spermatozoa aan de zona pellucida en de daaropvolgende fusie van de gameten 
De meeste methode's welke de acrosoomreactie onderzoeken maken gebruik van microscopische 
fluorescentie die, zoals eerder vermeld, arbeidsintensief en subjectief is terwijl er geen algemeen 
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aanvaarde wijze van uitvoering van de techniek bestaat Omdat lectine's (o a PSA, ConA en PNA) 
frequent worden toegepast bij onderzoek naar de acrosoomreactie, wordt in hoofdstuk 3 2 een 
vergelijkende studie tussen een aantal lectine's en CD46 beschreven Tevoren werd aangenomen dat in 
ieder geval een van de onderzochte lectine's een met CD46 vergelijkbare binding zou laten zien Dit 
bleek alleen het geval voor PNA, waarbij PNA en CD46 alleen vergelijkbare resultaten gaven in het 
geval van met-gefixeerde met-permeabele spermatozoa PNA bindt op vergelijkbare, specifieke wijze 
aan de binnenste acrosoommembraan van spermatozoa die de acrosoomreactie hebben ondergaan als 
CD46 In een semenmonster kunnen dus spermatozoa die de acrosoomreactie hebben ondergaan met 
behulp van PNA worden aangetoond Omdat de met ïonophoor geïnduceerde acrosoomreactie en de 
ARIC score's verkregen na toepassing van PNA echter van een belangrijk lagere orde van grootte zijn 
dan die verkregen na CD46, zullen de referentiewaarden voor de na PNA gemeten acrosoomreactie 
moeten worden vastgesteld Dat wij de CD46 test als "gouden standaard" hanteren, en daarmee de 
CD46 antigene determinant als de werkelijke indicator van de acrosoomreactie, kan bekritiseerd 
worden, echter wij kunnen hier reeds melding maken van de zeer grote voorspellende waarde van deze 
test ten aanzien van fertilisatie bij IVF Dit wordt in het laatste gedeelte van dit proefschrift beschreven 
De test werd voor het eerst toegepast bij onderzoek van de acrosoomreactie van de motiele fractie 
spermatozoa na separatie met een opzwemtechniek, in vergelijking met een Percoli gradient (hoofdstuk 
2 2) Tevoren werd aangenomen dat beide technieken op basis van motihteit vergelijkbare uitslagen 
zouden laten zien De resultaten laten echter zien dat spermatozoa die met Percoli behandeld waren 
minder spontane acrosoomreacties ondergingen dan spermatozoa die met de opzwemtechniek waren 
opgewerkt 5% en 10% respectievelijk Tevens lieten de met Percoli behandelde spermatozoa een veel 
sterkere toename in de ARIC score zien in vergelijking met de opzwem spermatozoa ( Ж 0,01) Aldus 
werd de waarde van het gebruik van een Percoli gradient aangetoond, waarbij de spermatozoa vooral 
worden geselecteerd op basis van densiteit (als graadmeter van kemcondensatie resp -maturane) en op 
normale morfologie en in veel mindere mate op basis van progressieve motihteit Deze bevindingen zijn 
daarmee in overeenstemming met die van Jaroudi et al (1993) 
Verdere studies betroffen de effecten op de acrosoomreactie van verschillende stoffen waarvan in de 
literatuur acrosoom inducerende eigenschappen worden beschreven Allereerst betrof dit pentoxifylline 
(hoofdstuk 3 3) De resultaten laten zien dat pentoxifylline de acrosoomreactie uitsluitend potentieert in 
aanwezigheid van de acrosoomreactie inducerende stof A23187 Vervolgens werd follikelvloeistof 
onderzocht, in verschillende concentraties en met verschillende incubatietijden, al dan niet in 
aanwezigheid van A23187 Twijfel is voorshands gerechtvaardigd waarom men zou veronderstellen dat 
follikelvloeistof de acrosoomreactie zou moeten of kunnen induceren Allereerst zou de hoeveelheid 
folhkelvloeistof zodanig moeten zijn dat kwantitatief voldoende expositie zou kunnen plaatsvinden 
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Ware dit het geval, zou dit betekenen dat spermatozoa die de acrosoomreactie hierdoor hadden 
ondergaan met in staat zouden zijn tot binding aan de zona pellucida (Wassarman, 1987) 
Onze resultaten laten zien dat follikelvloeistof de acrosoomreactie uitsluitend induceerde als lange co-
ïncubatie werd toegepast, hetgeen conform de bevindingen van Stock et al (1989) is Indien de effecten 
van follikelvloeistof op de met ïonophoor geïnduceerde acrosoomreactie worden bezien, zijn deze niet 
consistent Na vier uur incubatie werd een duidelijke daling van de acrosoomreactie gezien Geen 
verschil werd gemeten tussen onbehandelde follikelvloeistof en folhkelvloeistof welke hitte-inactivatie 
had ondergaan 
Na voorbehandeling met aktieve kool daarentegen werd geen spontane acrosoomreactie waargenomen 
Dit zou er op kunnen duiden dat de substantie in follikelvloeistof die de acrosoomreactie induceert een 
steroid betreft 
Gezien deze bevindingen werd besloten om de invloed van progesteron en 17ß-oestradiol op de 
acrosoomreactie nader te onderzoeken (hoofdstuk 3 5 resp 3 6) Voor beide stoffen werden 
concentraties gebruikt vergelijkbaar met die in follikelvloeistof In tegenstelling tot eerdere studies werd 
in ons onderzoek geen enkel effect van beide hormonen op de spontane acrosoomreactie gevonden 
17ß-oestradiol potentieerde echter wel de met ïonophoor geïnduceerde acrosoomreactie, vergelijkbaar 
met pentoxifylline Het lijkt gezien deze resultaten, derhalve waarschijnlijk dat 17ß-oestradiol de 
substantie in follikelvloeistof is welke de acrosoomreactie stimuleert 
Tenslotte werd de CD46 test toegepast fertilisatie bij IVF te voorspellen (hoofdstuk 4 1) De test werd 
uitgevoerd met het hetzelfde semen als waarmee inseminatie van de oocyten bij IVF geschiedde om 
variaties zoveel mogelijk uit te sluiten Zoals uit de uitslagen blijkt, is de CD46 test goed in staat om 
zowel fertilisatie of het ontbreken hiervan bij IVF te voorspellen Van alle andere onderzochte 
parameters kon alleen de motiliteit na behandeling met Percoli gebruikt worden om fertilisatie met enige 
mate van betrouwbaarheid te voorspellen Mogelijk dat deze resultaten ons ertoe zullen nopen om de 
thans gebruikelijke wijze van semenonderzoek te herzien Alvorens echter gefundeerde conclusies 
getrokken kunnen worden, zullen longitudinaal onderzoek en heraalde CD46 testen noodzakelijk zijn 
(hoofdstuk 4 2) De CD46 test is ons inziens uiterst geschikt om patiënten te onderzoeken bij wie wordt 
overwogen om IVF of IUI toe te passen, als ook om toe te passen bij patiënten bij wie bij een 
voorafgaande IVF behandeling om onbekende reden geen bevruchting tot stand kwam De CD46 test 
voldoet aan de eisen die aan diagnostische of screenende testen gesteld mogen worden ten aanzien van 
reproduceerbaarheid en lage interassay vanatiecoefficient Mede daarom kan CD46, in combinatie met 
andere semenparameters een betere indicatie geven over het bevruchtend vermogen van semen dan 
uitsluitend conventionele parameters 
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Stellingen 
behorend bij het proefschrift "The acrosome reaction of human sperm - basic and clinical aspects". 
1 "Nothing predicts like CD46". (dit proef schrift). 
2 Very often, failure of fertilization during an IVF cycle may be (erroneously) attributed to 
laboratory factors, (ditproefschrift). 
3 ..follicular fluid...does induce the spontaneous acrosome reaction - however, this effect 
only occurs after prolonged incubation, (dit proefschrift). 
4 (17ß-estradiol and progesterone) in follicular fluid are not the agents responsible for the 
follicular fluid-induced acrosome reaction in human spermatozoa, (dit proefschrift). 
5 It would be counterproductive for an actual acrosome reaction inducer to be present in either 
the uterine or tubal environment of the spermatozoa prior to gamete interaction. 
(dit proefschrift). 
6 If specific gene defects can continue to be isolated from most infertile male patients....then we 
could permanently lay to rest all of the conventional therapies for male infertility and rely 
solely on ICSI. However, we can then expect to see....an even higher percentage of severe 
male factor infertility in the population. (Silber et al, Human Reproduction, 10:2031, 1995). 
7 Before conducting an infertility test, should we not be confident that the results of that test can 
reliably identify a true aetiology for infertility? (Guzick, Human Reproduction, 10:2008,1995) 
8 "The natural man has only two primal passions, to get and beget" 
(Sir William Osier 1849-1919, in Science and Immortality) 
9 "Survival of the fittest". 
(Herbert Spencer 1820-1903, in: Principles of Biology Pt III, Chapter 12, Section 164). 
10 "The guiding motto in the life of every natural philosopher should be, Seek simplicity, and 
distrust it" (Alfred North Whitehead 1861-1947, The concepts of nature, Chapter Vii). 


